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BELDTHERM™M 
Magnet Wire 
130C (Class B), Polyester 





Engineered Wire for Engineered Products 
Supported by Complete Factory Stocks 


. High thermal stability, AIEE #57—155C rating. 


. High ‘‘cut-through’’ values reduce shorted turns. 


1 
2 
3. Uniformly soft copper for windability and handling. 
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. Resists impregnating varnish solvents—for better 
end products. 


. Excellent electrical properties for best performance 


Other Magnet Wires—For Every Requirement 
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One Wire Source for 
Everything Electrical and Electronic 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
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Magnet Wire © Lead Wire © Power Supply Cords, 
Cord Sets and Portable Cord © Aircraft Wires 
Electrical Household Cords © Electronic Wires 


Welding Cable © Automotive Wire and Cable 
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Exclusive Sentri-Seals 
effectively seal out foreign 
materials at temps up to 
225 F for extended peri- 
ods—up to 350 F for 
shorter periods. Made of 
Buna-N, they are compati- 
ble with silicone, petroleum 
and diester lubricants. 


Photo courtesy: Thor Power Tool Company 


») Bearings Seal Out Abrasives... Alow 


Coo! Qoeration la AGOO RPM Grinder! 


CUSTOMER PROBLEM: 

Tool manufacturer requires bearing design that 

will seal 21,600 r.p.m. grinder from abrasives 
. yet heat must be minimized for operator 

comfort since tool is hand held. 


SOLUTION: 

N/D Sales Engineer recommended a group of 
four New Departure integrally enclosed bear- 
ings... some with Sentri-Seals. These precision 
ball bearings successfully shut out microscopic 


grinding abrasives. And, even with such posi- 
tive sealing, the virtually friction-free New 
Departures help keep the temperature low 
enough for comfortable hand operation. They’ re 
sealed and lubricated for life 
trouble-free ball bearing performance without 


promising 


the added burden of periodic maintenance. 


For immediate analysis of your current ball 
bearing problems, call the New Departure 
Sales Engineer in your area or write Dept. L-1. 


Available through United Motors System and its Independent Bearing Distributors. 


DIVISION OF GENERAL/MOTORS, 


SARISTOL, CONN. 


S L/ME A BALL 
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for instruments, timing devices, ao 


control apparatus and similar applications 
How to make 


motors last 
longer 


Careful maintenance is the 
best and least expensive 
way of getting dependable 
service and long life from 
your fractional horsepower 
electric motors. Here are 
maintenance suggestions 


Be sure loads do not lock on 

reducer motors. Provide a 

friction clutch if there is 

any possibility that the 

driven shaft may be locked. 

Such locking will quickly 

build up a_ tremendous 

force within the reducer 

gears...causing them to 

strip or break. If you must 

use a flywheel, attach it to 

USE BODINE K-2 MOTORS [| =: cccieys 
motor shaft, not a lo 

speed shaft. If a flywl. -el is 

’ ¥f, ” H attached to a low-speed 

...they’re small, only 2%" high cone gene a ralinges 
shaft turning after the 


instantly reversible motor has stopped . . . with 


the same effect as locking 


totally enclosed the driven shaft 

Y, VY Be sure your motor is properly 
2000 to /s500 horsepower chr gone ga Dy rs dati 
essary to move your motor 

from one job to another 
[his Bodine Type K-2, ball bearing motor is among the smallest distributed- or to operate it continuously 
ae where previously you have 
wound motors manufactured today. It’s ideal for those ‘thard-to-get-at and been running it for short 
out-of-the-way” installations because of its small size and extreme dependability periods of time, be sure it 
; is rated properly. For ex- 
It delivers considerably more power than ‘‘clock-type”’ motors, and it’s particu- ample, one type of motor 
— s ratec “rmittent 
larly well-suited for powering instruments, timers, controls... and similar is rated for intermitten 
duty because the tempera- 


ture rise within the motor 


equipment requiring relatively low output, and steady, trouble-free service. 


will not be excessive. If you 
Bodine K-2 motors are available synchronous or nonsynchronous...and with put this same motor on a 
; continuous duty applica- 


or without speed reducers. Speed reducer models have high starting torque of tion, there will be an ex- 
c ‘ssiye . ae - ise 

not less than 150° of full load torque at room temperature cessiye temperature ris 
which will burn out the 

motor...or at least 


deteriorate the insulation 


Write for bulletin 1024A, 
‘Bodine Type K-2 Motors’’. . . bulletin 10238, 


‘Bodine Parallel Shaft Speed Reducer Motors’’ * -. Free copies of 
: article on temperature 


rise measurements 


f> BODINE ELECTRIC CO., 2506 W. BRADLEY PL., CHICAGO available 


Three of the fundamental 
methods for temperature 
rise determinations set up 


=e) a | | = by the American Institute 


of Electrical Engineers are 


fractional 
horsepower RODIN -.-the power behind the leading products discussed in the latest issuc 
= of **The Motorgram,”’ a 


MQ l ORS bimonthly publication 
Copies are available on 
request 


The Bodine line includes 265 different stock types and sizes ready for fast shipment. 
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Design better products with 


DOW CORNING 997 VARNISH 


... for maximum reliability at high temperatures 


These silicone insulated coils for Allis-Chalmer: 
totally-enclosed, wall-mounted transformers are 
being dipped in Dow Corning 997 Varnish 
Suitable for indoor and outdoor service, the Dipping and impregnating electrical assemblies with Dow 
dry-type units are jhtweight, easy to install. a" ° _ y ° ° ° ° 
uiaoibe aida ia Corning 997 Varnish produces a moisture-resistant insula- 
LIFE EXPECTANCY OF CLASS A AND tion system with high dielectric strength. It’s the last step 
SILICONE INSULATION SYSTEMS in completing insulation systems of motors and transformers 
T Silicone designed for the 180 C or 220 C Class. Laboratory tests and 
| insulated . — . - 
Stone insted Pen field experience have proved 997 Varnish has more than 50 
(Sytk enameled = . ° ° ° ‘ ° 
‘pgs oo times the dielectric life of the best Class B varnishes at 
. 200 C ... permits operating temperatures up to 250 C... 
gives equipment maximum protection against overloads, 
= many chemicals, corrosive atmospheres and other hazards. 
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Dow Corning Silicone Dielectrics 
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SYLKYD ENAMELED MAGNET WIRE 
PERFORMANCE PROVED AT 180 C 


Performance-proved for 180 C insulation sys- 
tems, Sylkyd® enameled wire has handling 
properties similar to Class A enameled wires. 
With the same diameter as other film insu- 
lated wires, Sylkyd enameled wire allows a 
higher copper to iron ratio than fiber covered, 
high-temperature wires . . . resists most 
chemicals, moisture, corona, dirt, other 
hazards. Write for illustrated new brochure. 


SILICONE GLASS LAMINATES 
WITHSTAND 250 € AND HIGHER 


Easy-to-make shapes of silicone-glass 
laminate keep assembly costs low .. . 
permit continuous operation at 250 C 

. intermittent operation at even 
higher temperatures. Strong, rigid and 
lightweight, these parts have excellent 
arc resistance, low loss factor and low 
moisture absorption. Available from 
leading laminators. 


SILASTIC INSULATED WIRE 
RESISTS HEAT, MOISTURE 


Wire or cable covered with Silastic", the Dow 
Corning silicone rubber, has exceptional 
dielectric strength and flexibility at operat- 
ing temperatures up to 250 C. Highly 
resistant to moisture, overloads, high ambi- 
ents, weathering, arcing and corona, Silastic 
covered wire is ideal for motor lead wire, 
hook-up wire, ignition cable, control and 
power cable. Available from leading wire 
manufacturers. 


For further information on these products, write Dept. 4513 
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in This issue 


Components, Electrical /Electronic 
Magnetic Components 

Design Considerations 
Component Design Factors 


Your Classification: 


Designing Optimum Inductors 
with Ferrite-Biased Gaps 


Barium ferrite gaps permit up to 78 per cent volume reduction 
over air-gap designs of iron-cored inductors carrying super- 
posed alternating and direct currents. Analysis and synthesis 
procedures presented for optimum inductors with iron (Audio 
A) or ceramic (Ferramic H) cores. 


J. T. Ludwig, Minneapolis-Honeywell Regulator Co., Minnea- 
polis 13, Minn. 
Electrical Manufacturing 1959 January p 78 13 pp 


Components, Electrical /Electronic 
Materials, Electrical / Electronic 


Your Classification: 


European Developments in 
Electronic Components 


Survey of current developments in Europe in electronic com- 
ponents and basic electronic materials covers contributions 
from Great Britain, France, Holland, Norway, Switzerland and 
Germany. Details are given on capacitors, resistors, potentiom- 
— batteries, magnetic and dielectric materials, among 
other items. 


G. W. A. Dummer, Royal Radar Establishment, Malvern, 
England. 


Electrical Manufacturing 1959 January p 131 412 pp 


Components, Electrical Electronic 


Your Classification: 
Semiconductor Devices 


High-Temperature Capabilities of 
Germanium Transistors 


Test results on sample lots of two types of germanium tran- 
sistors indicate that reliable short-term operation to 110 C 
can be obtained with proper stabilization circuitry for small- 
signal amplifiers. ; 


J. O. Dick, U. S. Naval Ordnance Laboratory, Corona, Calif. 


Electrical Manufacturing 1959 January p 149 3 pp 


Your Classification: 


Materials, Electrical/Electronic 
Electrical Insulation and Dielectrics 


Research Progress in 
Dielectrics — 1958 


Twelfth annual staff review of the contributed and invited 
papers, also of the round-table discussions, at the 1958 meeting 
of the National Academy of Sciences—National Research 
Council Conference on Electrical Insulation. Papers emphasized 
detailed studies of corona effects on insulation, high-tempera- 
ture insulation systems, nuclear radiation effects, and the rela- 
tion between molecular configuration and electrical character- 
istics of materials. 


Alex E. Javitz, Electrical Manufacturing, New York, N. Y. 


Electrical Manufacturing 1959 January p 91 9 pp 


Components, Electrical / Electronic Your Classification: 


Resistors 


Metallized Glass-Fiber Resistors — 
A British Development 


Characteristics and fabrication of British-developed metallized 
glass-fiber resistors are described. Performance is similar to 
that of wirewound resistors, but the resistance value is ap- 
proximately 50 times that of the wirewound in the same space. 
The 2.5-watt resistors are made up to 1.4 megohms in a size 
only 9/32 in. diam by % in. long. Slightly smaller 1-watt 
resistors are made up to 700,000 ohms in a size 7/32 in. diam 
by % in. long. 


G. W. A. Dummer, Royal Radar Establishment, Malvern, Eng- 


land and D. M. Benham, Painton & Co., Ltd., Northampton, 
England. 
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Control Your Classification: 
Systems & Servos 

Components, Electrical /Electronic ‘ 
Resistors 


Non-Linear Resistors as Voltage 
Regulators 


Methods are outlined for determining the voltage-current 
characteristics of non-linear resistors and for expressing these 
in forms suited to circuit analysis. The methods are illustrated 
in connection with a common application of non-linear re- 
sistors, a bridge form of voltage regulator circuit. 


J. Zdzieborski and R. E. Post, Jr., The Hays Corp., Michigan 


City, Indiana. 
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@ Quick interpretations of feature article content 


@ Subject-classified annotated references for clipping and pasting on standard 3 x 5 file cards 


Control Your Classification: 
Case Histories 
Systems & Servos 


Flexible Programming With Optical 
“Punched” Cards 


Semi- and fully-automatic pre-set control systems for stage and 
studio lighting are described. Design details are given for the 
magnetic amplifiers, miniature slide-wire controls and of a 
light-beam card programming system. 


Arnold E. Rudahl, Electrical Manufacturing, New York, N. Y. 


Electrical Manufacturing 1959 January p 100 6 pp 


Components, Electrical Electronic 
Contact Devices 

Computers 
Computer Design 

Control 
Systems and Servos 


10-Bit Resolution in Shaft-Position 
to Digital Encoder 


Your Classification: 


A newly developed shaft-position to digital encoder is de- 
scribed and application notes are given. The unit achieves 
efficient, accurate 10-bit resolution without ambiguities and 
in a small size. 


W. E. Stupar, Librascope, Inc., Glendale, Calif. 


Electrical Manufacturing 1959 January p 138 4 pp 


Control Your Classification: 
Systems and Servos 

Generators 
Power 


Dual Power-Source System Speeds 
Regulator Response 


Diodes are used in a new system for voltage regulation of a-« 
generators that employ rotating exciters. Efficiency and fast 
response are obtained in a low-cost and compact regulator 
Circuits and test data support the detailed description 


Charles Lane, Electric Regulator Corporation, Norwalk, Conn 


Electrical Manufacturing 1959 January p 156 2 pp 


Subject Classification, circle Number 738 on page 17. 








Basic Science and Engineering Your Classification: 
Physics 

Components, Electrical/Electronic 
Semiconductor Devices 


Introduction to Semiconductory Theory 


A detailed discussion of the physics of conduction processes 
in semiconductors presented as a basis for understanding the 
physical principles of operation of semiconductor components. 
Classes of devices are described in terms of mathematical and 
graphical representations of parameters. 


Ruth F. Schwarz, Research Div., Phileo Corp., Philadelphia, Pa. 


Electrical Manufacturing 1959 January p 107 24 pp 


Control Your Classification: 
Systems and Servos 

Motors 
Special 


Gearless Drive for Power Servo 


A detailed, technical description of a new approach to the 
design of power drives for use in high-performance servo 
applications. Backlash and resonance difficulties are avoided 
by the elimination of gearing between the drive motor, the 
load, and the response element; i.e., the motor is actually 
built in, as part of the load, and rotates at the same speed 
as the load. 


E. B. Canfield, Ordnance Dept., General Electric Co., Pittsfield, 
Mass. 


Electrica) Manufacturing 


1959 January p 142 7 pp 


Design Considerations Your Classification: 


Materials Selection Factors 
Materials, Electrical / Electronic 
Electrical Insulation and Dielectrics 


Molded Polyester Structures in 
Welding Transformers 


Welding transformer utilizes glass-polyester construction for 
high shock resistance of body casting and excellent dielectric 
properties for prevention of shorting to ground. Design is sim- 
plified through molding procedures and entire unit is sealed 
against external contamination 


P. E. Girton, Kirkhof Manufacturing Corporation, Grand 
Rapids, Mich 


Electrical Manufacturing 1959 January p 166 112 pp 











Your Design is better Your Product performs better 


with this 


full line of 


Germanium GLASS DIODES 


Working| Forward Reverse Working] Forward Reverse 
Voltage | Current Current Type Voltage} Current Current 
(max.) | at +1 volt (max.) | at +1 volt 
v mA pA aty v mA uA atv 
150 5 500 at — 150 1N128 40 3 10 at —10 
60 50 at —10 1N191 90 5 25 at —10 
80 50 at —50 1N198 80 5T 75t at —10 
100 625 at —100 1N294A 60 5 10 at —10 
60 800 at —50 1N297A 80 3.5 | 100 at —50 
60 50 at —10 IN298A 70 | 30* 250 at —40 


100 25 at —10 *at +2 tat 75°C 


























(eT-aaat-lalities me Al!) 2 Om ©) —m m1 On w O)- Mee) fele | 1-3 


fo) am AYA dolce olilo il ole) aie] e)(-MaelelloMe] *)>)ilaehilolar 
v low capacity video detection; efficiency controlled at 50 Mc 


Silicon DIFFUSED JUNCTION GLASS RECTIFIERS 


Peak Operating Ave. Rectified Reverse Current (Max.) 
Voltage Current in uA at Specified Voltage 


—65°C to +150°C 150°C 
Volts mA | 25°C 
225 150 0.2 
300 150 0.2 
400 150 0.2 
500 150 0.2 

















Silicon DIFFUSED JUNCTION RECTIFIERS 
WIRE IN TYPES STUD TYPES 


Peak Operating | Ave. Rectified — 
Voltage Current (Max.) at Voltage Current if ax.) at a 
—65°C to -+165°C | 25°C | 150°C | Specified Piv, 150°C —65°C to+165°C | 25°C 4 150°C Specified PIV, 25°C 
Volts mA mA mA Volts Amps. | Amps. 


1N536 50 750] 250 95* 3.0 | 1.0* 10 
1NS37 100 750] 250 — 190* 1.5 | 0.4* 

1NS38 200 750] 250 380* 1.5 | 0.4* 
1NS39 300 750] 250 570* 0.95] 0.2* 
1N540 400 750| 250 100 3.5 | 1.0 
1N1095 500 750} 250 200 3.5 | 1.0 
1N547 600 250 300 3.5 | 1.0 
400 3.5 
500 3.5 
600 3.5 


Peak Operating Ave. Rectified Reverse Current 


























¢ Same as 1N1096 























All illustrations actual size. Ratings at 25°C unless otherwise indicated. *to +135°C 
Types in red available to MIL Specifications 


Qi | SEMICONDUCTOR DIVISION | NE vork: ..---2222eeee 589 Fifth Ave., PLaza 9-3900 


6 


CHICAGO: 9501 Grand Ave., Franklin Park, NAtional 5-4000 
Needham Heights, Massachusetts 
SILICON AND GERMANIUM DIODES AND TRANSISTORS + SILICON RECTIFIERS LOS ANGELES: 5236 Santa Monica Blvd., NOrmandy 5-4221 
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Research Ferment in 
Thin-Film Devices 


Intensive research is underway, both 
in this country and abroad, in various 
development of 
superthin magnetic, and di- 
electric films. Applications obviously 
point to areas of microminiaturization 
or “molecular circuitry.” Not only in 
military equipment but also in com- 
puters, the availability of such films 
promises to exert a influence 
on equipment design by the reduction 
of physical size and costs. 

The “revolutionary impact” of de- 
vices of this type was discussed by 
Rex Rice, IBM Research Center, as 
chairman of the session on “The Im- 
pending Revolution in Computer Tech- 
nology,” at the Eastern Joint Computer 
Conference, December 3, 4 
Philadelphia. 

“The advent of cryogenic, thin-film 
magnetic, and other new devices,” said 
Mr. Rice, “promises to immensely re- 
duce the physical size and cost of 
logical elements used in digital 
tems. Current research work has dem- 
onstrated feasibility of the individual 
devices and much emphasis is being 
placed on mass production processes 
for microminiaturization. It may be 
anticipated that at least 10.000 logical 
elements may be placed on 1 sq in. of 


techniques for the 
resistive 


great 


and 5, 


SVs- 


surface.” 


Acoustic Noise 
Generator 


Up to 166 db of random noise can be 
produced by means of an electrome- 
chanical transducer or loudspeaker 
developed by Avco Research and 
Advanced Development Division, Wil- 
mington, Mass., for the acoustic noise 
testing of missile and rocket compo- 
nents and The 
compatible with the 
and control consoles now being used 
with vibration test equipment. The 
12-in. moving coil and diaphragm as- 
sembly is suspended from the housing 
by U-shaped beryllium-copper springs. 


systems. generator is 


power supplies 
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The acoustic output is focused through 
an expanding horn to a 4-in. diam port 
in the speaker. 

\ progressive wave tube is employed 
with the generator for testing 
components or small systems. The test 


noise 


unit is placed in the tube between the 
generator and the absorbing material. 
Tests at different angles will quickly 
show mechanical fatigue and failure. 

A reverberant chamber is used for 
The 
from the 
surfaces of the enclosure around the 
unit under test. 

The noise generator is 35 x 24 x 26 
in. Random noise 
163 db +3. At frequencies 
sound intensities can be produced up 
to 170 db. Random noise input power 
is 3 kw. Frequency range is 20 to 
2400 cps with a nominal impedance of 
2 ohms. (See illustration below, right.) 


larger components’ or systems. 


sound reverberations reflect 


sound intensity is 


discrete 


Devices for 


Electromagnetic 
Extreme Vibration and Acoustic Noise: 
Above, electromagnetic vibrator designed 
by Boeing Airplane Company for testing 


Testing 


aircraft parts and components can pro- 
duce frequencies up to 2000 eps. Right 
is a loudspeaker designed by Aveo for 
acoustic noise testing. Up to 166 db of 
random noise can be developed. 


Electromagnetic 
Vibration Tester 


Vibration tester developed by Boeing 
Airplane Company (see illustration on 
this page) utilizes loudspeaker design 
principles. Vibration frequencies of 5 
to 2000 cps are fed into the equivalent 
of a loudspeaker voice coil. However, 
instead of moving a cone or diaphragm, 
the coil vibrations are transmitted to 
the component or assembly test unit 
mounted on it. 

Associated electronic equipment, as 
shown in the illustration, provides the 
random frequencies used to excite the 
vibrator, 


Electroluminescence 
Studies in BaTiO., 


Electroluminescence phenomenon from 
barium titanate has been utilized for 
studies of the characteristics of this 
ferroelectric material. As reported by 
the National Bureau of Standards, the 
light emission (which is extremely low 
in both intensity and efficiency) occurs 
when an r-f voltage is applied to the 
BaTiO Data obtained from 
the emitted light help to explain the 
mechanism by which the light is gen- 


sample. 





Research 
Horizons 





erated. The nature of the unusual sur- 
face layer of BaTiO. can be studied. 

The arrangement 
for the production of light emission is 
a concentric configuration of the elec- 
trodes. This concentrates the r-f field 
around the small center electrode and 
produces maximum light output. Best 
results are from either 
indium-gallium rubbed directly on the 
silver, 


most satisfactory 


obtained 
crystal surface or evaporated 
soldered with indium. 

At the Curie point of BaTiO, the 
light emission intensity jumps to about 
1000 times its value at lower tempera- 
tures. Color of the emitted light (gen- 
erally yellow) depends somewhat on 
the type of electrode employed. Spec- 
tral emission data show that light is 
emitted from 7000 to 3000 Angstroms 


Note” 


New 


Research 


ReCENT WORK HAS LED to a new process by 
which an inorganic filler is used with a 
solventless resin* to produce a 
hard, rigid encapsulant (Dow Corning R- 
7521 Resin) that has: 

1. long life at 250 C; 

2. good dielectric properties over a wide 
range of frequency and temperature; 
coefficient of thermal expansion com- 
parable to steel; 
good physical properties; 
water and moisture resistance; 
chemical resistance; 


silicone 


excellent radiation resistance; 
high thermal conductivity. 


material, still in the de- 
velopment stage, is expected to find use 


This new 


in servo-motors, control devices and other 
reliable opera- 
tion at tefuperatures of 250 © and higher 
Owing to its excellent radiation resistance, 
material is also BYtfeeed to be suitable 
4.in motors, controls and other de- 

fag 
vices deg@ed for use with nuclear re- 

is 


od Oe 


equipment designed for 


actors, 
used to reduce 
the thermal expansion of embedding ma- 
terials closer to that of metals. For opti- 
mum properties, fillers should: 


@ Inorganic fillers are 


1. be chemically inert; 

2. have pH between 6 and 9; 

3. have little effect on viscosity of cata- 
lyzed resin; 
have low coefficient of thermal expan- 
sion; 
be non-hygroscopic; 
have good dielectric properties; 
be low in cost. 

*High-Temperature Solventless Encapsulating Res- 


ins,” D. W. Lewis, Exvecrnica, Manuracrurinc, March 
1957, p 141. 
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indicating photon energies as high as 4 
ev, considerably above the 3-ev optical 
absorption edge of the BaTiOg crystal. 
The electrons necessary for electro- 
come from the 
metallic electrode to the adjacent sur- 
face layer by field emission. 


luminescence in BaTiO 


Nickel-Chromium Coated 
High-Temperature Molybdenum 
In high-temperature applications, 
molybdenum suffers from lack of re- 
sistance to oxidation, although in 
structural strength the metal is supe- 
rior to steel. This limitation apparently 
can be overcome by means of a two- 
layer nickel-chromium electrodeposited 
coating. The research has been done 
at the National Bureau of Standards 
for the Bureau of Aeronautics. Results 
of the show that the 
coating (nickel over chromium) pre- 
oxidation of molybdenum for 
1000 hr at 980 C and for over 
300 hr at 1100 C. 

Several requirements had to be ful- 
filled for this coating. In addition to 
oxidation resistance, the coating must 


investigation 


vents 


over 


Avec eereeneeesunentarncensenneatenes ancien 


Of the large number of fillers evaluated 
for use with this solventless silicone resin, 
the most promising appears to be zirconium 
orthosilicate. This naturally occurring min- 
eral is commercially available in the form 
of tiny, uniform spheres which give it good 
flow characteristics. 

e Filled encapsulating materials are 
usually applied after the filler and resin 
have been mixed. This solventless silicone 


also be nonporous and ductile. The 
molybdenum subsurface must be com- 
pletely free of imperfections, so as to 
prevent any entrapment of oxygen. 
Durability studies of the nickel- 
chromium coated molybdenum included 
adhesion tests. Completed specimens 
were bent until fractured. The break 
produced was usually within the mo- 
lybdenum itself and 
molybdenum and the electrodeposited 


not between the 


coating. 


Thermal Life of 
Enameled Magnet Wire 
\ report by the AIEE Working Group 
on Enameled Magnet Wire of the Sub- 
committee on Thermal Evaluation, 
Electrical Insulation Committee (AIEE 
Paper 58-1205) covers: 

a. temperature classification 

bh. test procedure 

c. types of enameled magnet wire 

d. statistical analysis of thermal life 
data 

e. thermal life of 
enameled magnet wire. 


various types of 


Extreme-Temperature Silicone Encapsulant 


and the zirconium orthosilicate, how- 
are applied separately: 
The filler is poured into the mold 
around the component and shaken or 
vibrated to assure complete fill. 
The resin is forced through the filler 
using vacuum or pressure. 
3}. The resin is cured. 
By using zirconium orthosilicate with a 
narrow range of particle size, 140 to 160 


Electrical Properties of Cured Solventless Silicone Resin Encapsulant! 





Property 


Electric strength, vpm? air 


Volume resistivity ohm-cm 
dry 
wet? 


Dielectric constant 
60 cps dry 
wet 
0.1 me dry 


wet? 


Dissipation factor 
60 cps dry 
wet? 


0.1 me dry 
wet? 


Arc resistance‘ 


Unfilled 


Filled with zirconium 
orthosilicate 


240 


10° 
10'5 


0.002 
0.003 


0.002 
0.002 





‘Dow Corning R-7521 Resin catalyzed with 1.5 per cent dicumyl peroxide 


at 200 C. 
2 Determined with % i 
396 hr at 23 C and 96 per cent RH. 
* ASTM 495-56T. 


. electrodes, ASTM D149-50T, on sex 


Cured 16 hr at 150 C plus 3 hr 


tion 0.125 in, thick. 
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Briefly, the committee report con- 
cludes that: 

1. In most cases, more data are 
needed to establish the thermal life 
characteristic with a greater degree of 
confidence. Especially needed are life- 
values at lower aging temperature. 

2. Since varnish influences the life 
of enameled magnet wire, the relative 
life of varnished specimens cannot 
always be compared. A study of var- 
nished specimens is further compli- 
cated by the fact that a particular 
varnish may increase the life of one 
type of enamel and decrease the life 
of some other enamel. It is suggested 
that effects of varnish on the thermal 
life be determined by comparing the 
life of varnished and unvarnished speci- 
mens. In this way, an indication of the 
degree of increased or decreased life 
can be estimated. 

3. Evidence is given in some of the 
reported data that the slope of the 
life-temperature line may not always 
be constant. Oxidation of the copper 
wire, chemical reactions between cop- 
per and the enamel, and_ varying 
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Fig. 1—Effect of temperature on dielec- 
tric constant and dissipation factor of 
cured solventless silicone resin filled with 
zirconium orthosilicate. 


mesh, the optimum filler-to-resin ratio is 
obtained. 

After impregnation, the resin is gelled by 
heating at 135 to 150 C. The gel time, 
approximately 30 min, is dependent upon 
the cure temperature, mass and volume of 
the unit. The gelation must be followed by 
a curing step to insure optimum high tem- 
perature physical and dielectric properties. 

e@ Properties of R-7521 Resin, unfilled 
and filled with zirconium orthosilicate, are 
shown in the accompanying table and Figs. 
1, 2 and 3. 

Thermal stability of this filled solventless 
silicone resin is being evaluated in 
ways. In one evaluation a motor having a 


two 
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chemical reaction rates may account 
for this phenomenon. While this phe- 
nomenon may occur only for some 
enamels or for tests conducted at very 
high temperatures, it does indicate 
that predictions of thermal life based 
upon short-time aging tests should be 
viewed with suspicion. 


Cathode Metal Sputtering 

for Printed Circuits 

Precision printed circuits, including 
resistors, capacitors and copper leads, 
can be produced by means of the 
cathode metal sputtering technique, 
according to Bell Telephone Labora- 
tories scientists. The effects of cathode 
sputtering in itself were first observed 
in 1852. Essentially, a plate of the 
metal to be deposited forms the cath- 
ode. The substrate on which the metal 
film is to be deposited is placed nearby. 
After evacuation, argon or other suit- 
able gas is introduced and maintained 
at 20 to 40 microns pressure. When 
voltage is applied, ionized gas atoms 
bombard the cathode, dislodging metal 
atoms which deposit on the substrate. 


By utilization of these techniques, 
BTL has been able to produce thin 
resistive films of high-melting-point 
metals such as tantalum (m.p. 3000 
C) and titanium (m.p. 1670 C). Sub- 
ject to proper masking of the sub- 
strate, lines and patterns of practically 
any configuration and size can be laid 
down, ranging in width down to a few 
mils. The sputtered films are generally 
between a few hundred and a few 
thousand Angstroms thick. Alloys, such 
as nickel-copper and nickel-chromium, 
can also be sputtered without difficulty. 

A related technique, called “reactive 
sputtering,” is used to form films of 
inorganic compounds (oxides, sulfides 
and nitrides) by the introduction of a 
small controlled amount of a reactive 
gas such as oxygen, nitrogen, or hydro- 
gen sulfide. 


Printed capacitors are produced by 
a combination of sputtering and chemi- 
cal methods. A tantalum film of the 
proper shape and size is first sput- 
tered onto the substrate and then 
anodically oxidized to form a tantalum 
oxide dielectric film. The counter-elec- 





constant 


electric 


n 
U 
































O.| ke Okc 
Frequency 
Fig. 2—Effect of frequency on dielectric 
constant and dissipation factor. 


stator potted in this material is being sub- 
jected to heat date, 
this motor, a 1.0-hp 440-volt 3-phase unit, 
has run 400 hr at an average copper tem- 
perature of 300 C, and at intermittent tem- 
as high as 550 C for an hour 


successive runs. To 


peratures 
or more, 

In the ot} 
encapsulated 


evaluation, air capacitors 
in thys material are being 
exposed to high temperatures, Figure 3 
shows that dielectric constant and dissipa- 
tion factor are actually improved somewhat 
by aging at 300 C. No evidence of cracking 
or other physical change has been observed 
Also, resistance remains high. 

e Radiation resistance studies have 
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Fig. 3—Effect of thermal aging on dielec- 
tric constant and dissipation factor. 


shown this solventless silicone resin, when 
filled with a silica filler, to be essentially 
unaffected, both and 
cally, by doses as high as 2000 megarads. 
Similar radiation resistance is expected of 
zirconium orthosilicate filled silicone resin. 
Although little if any difficulty with this 
new material is expected for most com- 
mercial applications, the extreme thermal 
shock requirements of military specifica- 
may and 
ordnance equipment. 
J. B. ALLEN, M. E. 
ind R. L. SPRAETZ 
Dow CorNING CORPORATION 


Midland, Michigan 


physically electri 


tions limit its use in airborne 
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trode, a film of gold, can then be 
evaporated onto the dielectric to com- 
plete the capacitor. 


Capsule Research 
Note on Color 

The National 
Canada has :ecently 
Its Measurement and Specifi- 
cation.” by Giinter Wyszecki (Report 
\PPOL 830. May 30. 1958). This pub- 
lication comprises the text of a series 


Research Council of 
issued a report, 


“Color 


of lectures given previously at the NRC 
in Ottawa covering the following areas 
of the subject: 

1. Additive color mixtures: 

2. Mathematical expression of the 
laws that govern color mixtures and 


their expansion into standard color 
systems; 

3. Visual and photoelectric colorim- 
etry; 

4. Internal construction of standard 
color systems; and 


5. Uniform chromaticity diagrams. 


Quartz-Fiber Cloth 
Plastics Reinforcement 


Monofilaments of fused quartz have 
twisted into thread 
and woven into cloth as a result of a 
research development by the General 
Electric Lamp Glass Department, Nela 
Park, Immediate 
tions are seen as a_ high-temperature 
plastics 
used in aircraft and missiles. Outstand- 


been successfully 


Cleveland. applica- 


reinforcement for materials 
ing property of the quartz cloth is an 
ability to retain high tensile strength 
at elevated Chemical 
inertness provides excellent resistance 


temperatures. 


Woven Quartz-Fiber Cloth for High Temperatures: Comparative flame tests show ef- 
fects of oxy-hydrogen torch applied for 40 sec to panels of steel, glass-reinforced 
plastic and ‘quartz-reinforced plastic. Note how the applied flame temperature of over 
5000 F has melted and burned through the steel and glass-reinforced plastics panels, 
but has left the quartz-reinforced plastic panel relatively intact structurally. 


to weathering. Tests have indicated 
resistance to flame temperatures in ex- 


cess of 5000 F (see illustration). 


Compression Bonding 
of Transistor Leads 


lead-bonding techniques can 
be applied to high-frequency diffused- 
base transistors (alpha cutoff frequen- 
cies 500 to 1000 mc) to produce lead 
structures able to withstand 100.000 g 


as well as very high shocks. Resulting 


Special 


bonds are said to be stronger than the 
lead itself. These techniques were de- 
scribed by T. B. Light, Bell Telephone 
Laboratories, before the IRE Profes- 
sional Group in Electron Devices at its 
recent annual meeting in Washington. 
D. C. 

The leads are bonded to a metallized 
germanium surface by means of both 
heat and pressure, so controlled that 
no damage is caused to the transistor 
itself. The process is particularly satis- 
factory where very small leads of the 
order of 0.0004 in. in diam must be 
attached to small areas, about 0.001 in. 
x 0.006 in., as in the case of high- 
frequency transistors. 


INDEX to Research Notes Published in 1958 


“The Dielectrics Stem in Magnetism Re- 
search,” T. D. Callinan, January, p 10. 

“A Controllable Silicon Rectifying De- 
vice,” Staff, February, p 10. 

“Guiding Product Design by Research in 
Users’ Preferences,” J. E. Karlin. Feb- 
ruary, p 12. 

“Dielectric Ceramics With Zero Firing 
Shrinkage.” B. R. Eichbaum, March, 
p 10. 

“Variable Simulated Dither in Electro- 
hydraulic Servos,” L. Hesse, March, p 
12. 

“Component Failures in Acoustic Environ- 
ment,” Staff, April, p 10. 

“Ultra-Pure High-Temperature Materials by 
Electron Beam Melting,” Staff, April, 
p 12. 


“Statistical Approach to Design of Opti- 


mizing Controls,” 


Staff, May, p 11. 
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“Superior Heat Resistance and Bonding of 
Asbestos-Base Phenolic 
Staff, May, p 12. 

“Evaporated Thin Magnetic, Dielectric, and 


Compounds,” 


Conductive Films for Micro-Circuits,” 


D. W. Moore, June, p a. 
“Improved High-Altitude Carbon Brushes 
in France,” Staff, June, p 12. 
“Electroluminescence Phenomenon in Digi- 


tal Indicator Design,” Staff, July, p 10. 


“Electrical Contact Research Involves Test 
Methods and New Theory,” Staff, Aug- 
ust, p 10. 

“Microstrip Design for Aircraft Antenna,” 
B. Josephson, August, p ll. 


“New Temperature-Aging Data on Alumi- 


num-Clad Copper Wire,” C. L. 
September, p 11. 

“Switch Design of Tomorrow,” R. R. Jen- 
ner, September, p 12. 


Carlson, 


The surface areas are first treated 
with evaporated and alloyed metal 
from 1500 to 3000 Angstroms 
Annealed gold has been found 


films 
thick. 
satisfactory for this purpose. The 
bonding technique is combined with 
suitable configurations that minimize 
lead length. 

To form the bond, the lead wire is 
pressed with a tool shaped as a half- 
sufficient to 
produce about an 85 per cent deforma- 


cylinder, with a _ force 
tion of the wire. Temperature is held 
within the annealing range of the lead 
material. The bond is formed in a non- 
oxidizing atmosphere. 


Department of 
Micronomenclature 


Just when we have got ourselves 
settled down to talk learnedly about 
the micromodule components, along 
come some experts and tell us that 
the micromodule is or the way out 
and what we really should be con- 
cerned about is the micromicromodule. 

We don’t intend to budge until the 
submicromicromodule and the ground- 
hog both see their shadows come next 


— A.E.J. 


Spring. 


“A Capsule Review of High-Temperature 
Research,” H. A. Pohl, October, p 10. 

“Future Electronic Components Miniaturi- 
zation—a British View,” G. WA. Dum 
mer, October, p 12. 

“Corrosion Study of Several Aluminum- 
Iron Alloys.” D. Peckner, November, 
p 10. 

“Ultrahigh-Strength Steel,” D. J. Schmatz 
and V. F. Zackay, November, p 11. 
“International Standards on Ferromagnetic 

Devices,” P. E. Ljung, November, p 12. 
“A Transient Radiation Effects Monitoring 
System,” A. L. Long and W. M. Mannel, 
November, p 12. 
“Capsule Guide to Radiation Effects on 
Hughes Aircraft Company 
Research Laboratories, December, p 10. 
“Resurgence of the Fuel Cell,” Staff, De- 
cember, p 12. 
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American Machine & Foundry Company's 
Glen Mixer, used by the baking and 
pharmaceutical industries for mixing large 
batches, features Cutler-Hammer Motor Control 


The Kling Brothers Engineering Works 
manufactured this steel plate bending roll 
for one of the leading shipbuilders it's 
completely equipped with Cutler-Hammer 
Motor Control and magnetic brakes 


Maales. ee 
CONTROL = 


Choice of 
the leaders 
...the mark 
of better 

re vee eal 2 machines 


Cutler-Hammer Motor Control as standar 


original equipmer 


Colonial Broach & Machine Company uses 
tlar-Hammer Contr Car ante ar ii 
Ce er ree ‘ P y a The proper performance of any ma- 


chine requires dependable, trouble- 
free service from the motor control 
which directs and protects it. This is 
why leading machinery builders use 
Cutler-Hammer Control. It installs 
easier... works better... and lasts 
longer. For prompt attention to your 
control requirements write Dept. A-231. 
Cutler-Hammer iInc., Milwaukee 1, Wis. 


CUT L 


Cutler-Hammer Inc., Milwaukee, Wis. @ Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation, Inc. 
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HEAT TRANSFER 
SURFACE with 


VULCAN 


FINNED HEATERS 


You get six times more effective 
heat transfer surface with Vulcan 
Finned Strip or Tubular Electric 
Heating Elements than with con- 
ventional strip or tubular heaters. 
They provide ideal heat for blower 
type electric unit heaters; duct 
heating; unit convection heating; 
as Oven or space heaters in dryers, 
pumps, rooms, etc.; baseboard 
room heaters and many other 
applications. 

You have a wide choice of stand- 
ard sizes; wattage and voltage rat- 
ings; sheath metals; and terminal 
construction. Finned Tubular 
heaters are available in straight 
lengths or with hairpin bends. 

When you have unusual specifi- 
cations, solve your hot problems 
with Vulcan Versatility in the ap- 
plication of electric heat. Send 
coupon for catalog. 


ELECTRIC 
COMPANY 








VULCAN ELECTRIC COMPANY, Danvers, Mass. 
Please send me your catalog and price information on 
Vulcan Finned Strip and Tubular Heating Elements 


Name & Title 
Company 


Street & No 








City & State. 
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Random Comments of the Editors and Readers 


Basic Research 
Hoop-la! 


Do you still have friends that live in 
ivory towers? 

Do they still look with jaundiced eyes 
upon this best of all possible worlds of 
science and research? 

Have they no faith in technology as 
the great benefactor of mankind? 

Well, here’s a bombshell to rock 
their aloof smugness: 

Some 10,000,000 pounds of the high- 
density polyethylene were consumed 
during the past year or so in the manu- 
facture of the “hula” plastics hoop. 
This quantity—by a wide, wide margin 

-represented the largest single outlet 
for this new material, the end product 
of years of intensive high-level funda- 
mental research in Europe and _ this 
country. 

In fact, it was only the availability 
of high-density polyethylene with its 
special physical properties that made 


| the hula hoop possible! 


Ivory tower, any one? 
—A.E.J. 


‘Materials to Match Ideas” 


Institutional scientific advertising at 
ponderous mumbo- 
jumbo. But there are brighter mo- 
ments when an institutional advertise- 
ment states a philosophy of science, 
research or engineering with excellent 
clarity and perception. An orchid of 
some sort is therefore due to General 


Electric Company’s recent advertise- 


ment (first noticed by this editor in 


Saturday Review) titled “Materials to 
Match Ideas.” Here are a few pertinent 
quotations that admirably summarize 
a philosophy of materials in design 
application that has guided ELECTRICAL 
MANUFACTURING editorial 
almost a decade: 


policy for 


“For centuries, when inventive men 
came up with unique and useful ideas, 
there was almost always something 
available from which a practical de- 
vice could be made. But recently, 
man’s brain has begun to outrun the 
available materials. He could design 
and build faster planes, safer cars, 
improved missiles — if there were 
better materials . the problem can 
be solved only by taking a much broad- 


|er view of materials research and 
| development. 


“From a_ scientific standpoint, the 
science that underlies the behavior of 
metals, ceramics, semiconductors, or 
polymers is essentially the same. And 
the design engineer — for whatever 
product — wants the best material for 
the job. He is not concerned whether 
the material is metallic, ceramic, plas- 
tic, or made of green cheese.” 

—A.E.J. 


Science in Reverse 

Now they’ve gone and done it! Scien- 
tists at the RCA Laboratories have per- 
formed experiments that indicate there 
are electrons that have a negative mass. 
As the 1 ewspaper accounts pointed out, 
this means that these perverse bits of 
matter will “fall up” or go the wrong 
way when pushed. This somewhat 
startling disclosure proves only one 
thing: eventually the scientists, who for 
so many years have argued against 
certain philosophical concepts such as 
religion thought such 
things were illogical and could not be 
proved, will find that there really is 
such a thing as the spirit. If there can 
be an atom with negative mass, it won’t 
be long until we know the molecular 
weight of the soul. Then what will we 


because they 


haggle over? 
J.R.R. 


Mathematics and 
Communication 


The mathematical formula is a vital 
element of engineering writing. This 
is as it should be. Mathematics is an 
integral part of the engineer’s vocab- 
ulary. But to express himself clearly, 
the engineer must use that vocabulary 
effectively. 

Recently an analysis was made by 
two RCA engineers to determine the 
factors that contribute to the effective- 
ness of mathematics in engineering 
report found that 
mathematics was not used effectively 
in the majority of the reports analyzed. 
Thus, the analysis was switched to 
one of determining the major contribu- 
tors to the ineffectiveness of mathemat- 
ics in technical communications. The 
major contributors were found to be: 

(a) indiscriminate use, 

(b) mathematical inaccuracies, 

(c) ambiguities, and 


writing. It was 
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ELECTRICAL SHEETS 


Precision control of all melting and proc- 
essing operations endows Acme-Newport 
electrical sheets with consistent uniformity 
in gage structure, permeability, core loss, 
punching and other important electrical 
and physical characteristics. This vuni- 
formity permits faster assembly and lower 
production costs, increases the ultimate ef- 
ficiency of motors, generators and other 
electrical equipment. It allows the selection 
of the grades most economical for peak 
requirements in any application. 


Acme-Newport offers you the inte- 
grated facilities of a basic steel producer, 
combined with over 40 yeors’ specializa- 
tion in electrical steels. Let us tell you 
more about our ability to serve your 
requirements. 


Cd 
COMPANY 


NEWPORT, KENTUCKY 


A SUBSIDIARY OF [sem COMPANY 


PRODUCTS OF 
ACME-NEWPORT STEEL 


Hot Rolled Steel in Coil 

Hot Rolled Pickled Steel in Coil 

Hot Rolled Sheets 

Hot Rolled Pickled Sheets 

Cold Rolled Steel in Coil (full hard only) 
Cold Rolled Sheets ™ 
Alloy Sheets and Plates 

Plates (°~" and lighter 

Electrical Sheets 

Electric Weld Line Pipe 

Spiral Welded Pipe 
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RADICALLY NEW 


PANEL-MOUNTED 


? 


INCREMETER* 


—— 


Portable Model INCRE 


WH SENSITIVE RESEARCH 
INSTRUMENT CORPORATION 
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(d) typographical errors. 

By indiscriminate use is meant the 
overloading of a particular portion of 
the writing with mathematics which 
do not contribute directly to an under- 
standing of that portion of the report. 
Mathematical inaccuracies comprise 
those instances where the engineer has 
failed to obtain the correct product 
when multiplying two numbers, has 
failed to integrate or differentiate 
properly, or has used the same symbol 
for two entirely unrelated representa- 
tions, Ambiguities result when ele- 
ments of an equation are thrown to- 
gether without a clear indication of 
relationship. Typographical errors of- 
ten result from the inability of the 
compositor to interpret the “hen- 
scratching” of the emgineer. Often, too, 
they are the result of the compositor’s 
unfamiliarity with the language of 
mathematics. 

(From “Making the Mathematical 
Equation an Effective Communication 
Tool” by Matthias Hollander and Ed- 
win J. Podell. RCA Defense Electronic 
Products. Moorestown, N. J. Presented 
at session sponsored by IRE Profes- 
sional Groups on Engineering Writing 
and Speech, and Engineering Manage- 
ment at the 1958 Western Electronic 
Show and Convention, Los Angeles.) 
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THIS MONTH'S COVER 


Electrical /)3° 
Manufacturing 


This month’s cover is related to the 
major feature article, “Introduction to 
Semiconductor Physics,” beginning on 
page 107. It is the purpose of this article 
to discuss the physics of semiconductor 
materials needed to understand the large 
number of semiconductor devices which 
have been developed since the discovery 
of the transistor by Bardeen and Brat- 
tain at Bell Telephone Laboratories in 
1948. This is the first of a new series of 
articles devoted to basic concepts in 
science, engineering, and mathematics as 
applied to design engineering. 
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Manufacturing 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if received by March |, 1959 


Advertised Products 


Circle key numbers of those advertisements if 
you ous more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 238 


New Literature 


Latest catalog and bulletin offerings starting 
on page 212 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 190. For Special Reprints, see 
Order Form on page 200. 





ADVERTISED PRODUCTS OR SERVICES 





182 209 290 «317 
183 210 
164 «211 
185 212 
186 213 
187 
188 215 
189 216 
163 190 217 


344 «371 
318 345 372 
346 «(373 
374 


319 
320 
321 
322 
323 


322223 


324 


SREB 


ZSRRFSSRSISES 8 
BRRERSREREESERESREES 
HZSSRSRRRRRSRS SSE 
SRSSRRSERESIIIIIS 
SPSRRSPS SRE SS? 
SRESSLSRRLERSESESEE 
SSSLRERKSRK SES SSSRR EB 
SRRFSSSL SEES SRS RRS SS 
SSSPLESSEESES ES esses eRe SSS ESSE 











479 496 513 530 547 564 581 598 
480 497 514 531 548 565 
481 498 515 532 549 566 


482 
483 
484 
485 
486 
487 
488 
489 
430 
491 
492 
493 
494 
495 


649 666 683 
650 667 684 
651 668 685 
652 669 686 
653 670 687 
654 671 688 
655 672 689 
656 673 690 
657 674 691 
658 675 692 
659 676 683 
660 677 604 
661 678 695 
662 678 696 
646 663 680 697 
647 664 681 698 
648 665 682 699 


599 
600 
516 533 567 
517 534 563 
518 535 569 
519 536 570 
520 537 571 
521 572 
573 
574 
575 
576 
577 
578 595 
579 596 613 630 
580 597 614 631 


= 


8 a 
— 
+ oe 


$SRSSSESRRESE 
PPRPSRR FIRST RRS E 


a 























Individual 





Title 





Company 





Street 





Principal Product Manufactured 





THIS FOLDER OPENED for your convenience in checking 





ADVERTISED PRODUCTS OR SERVICES NEW LITERATURE 





182 209 
183 
184 


317 344 371 649 666 
318 345 372 650 667 
319 346 373 651 668 
320 374 652 669 
321 375 653 670 
322 376 654 671 
323 377 655 
324 378 656 
325 373 657 
326 380 658 
327 381 659 
328 382 660 
329 383 661 

330 384 662 

331 385 663 
332 386 664 
333 387 665 
334 388 
335 389 (1) 
336 390 = 
337 

338 Title 
339 


gees 


2 
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Individual 


Dept. or Div. 


340 Company 
341 
342 Street 
343 








Principal Product Me nufactured 





ADVERTISED PRODUCTS OR SERVICES NEW COMPONENTS NEW LITERATURE | REPRINTS 





182 209 236 290 317 344 371 530 564 581 649 701 718 
183 210 237 291 318 345 531 565 582 650 702 719 
238 282 319 346 373 532 566 583 651 703 720 
239 293 320 347 374 567 584 652 704 721 
240 294 321 348 375 568 585 653 705 
241 295 322 349 376 569 586 654 706 
242 296 323 350 377 570 587 604 655 707 
243 297 324 351 378 571 588 656 708 
244 298 325 352 379 572 589 657 709 
245 299 326 353 380 573 590 658 710 
300 327 354 381 591 659 
247 301 328 355 382 575 592 660 
248 302 329 356 383 576 593 661 
249 330 357 384 594 662 
250 331 358 385 595 663 
251 332 359 596 664 
252 333 360 387 597 665 
253 334 361 388 
254 335 362 
255 336 363 
256 337 364 
257 338 365 Title 
258 339 366 
340 367 Compony 
341 368 
342 «369 Street 
343 370 
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Principal Product Manufactured 





Inquiry Cards from any page in issue 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if received by March |, 1959 





READER 
INQUIRY 
SERVICE 











Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 
Reviews of new developments starting on 
page 238 


New Literature 


Latest catalog and bulletin offerings starting 
on page 212 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 190. For Special Reprints, see 
Order Form on page 200. 
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OLENOID 


CHATTER 


seme 


ELIMINATED. = 


with the NEW NAMCO “H”- Series Solenoid 


Stainless Steel Ways 


Stainless Steel 


— 


Retainer 


Flush 
Riveted 
Armature 
Frame 


Stainless 
Steel 
Coil Liner 


Coil 
Core 
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THE NATIONAL 


ACME COMPANY 

€ 176 East 131st Street 
Cleveland 8, Ohio 

Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 


1959 Circle 111 on page 17 
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»«+.«..S0 quiet in its closed position, so 


rugged, so adaptable to any design 
problem, your application headaches 
are reduced to mere details! 


Its noiseless holding operation permits sole- 
noid applications never before considered 
practical. The usual chatter and clatter in 
the closed position is eliminated by a unique 
design that provides a positive three-point 
contact in the “holding position.’ Add to this 
Namco’s stainless steel ways that provide 
improved performance and longer life; supe- 
rior electromagnetic qualities, and the 
result is a silent performer you can’t afford 
to overlook. 

Namco standard solenoids are available 
in a wide range of pull and push types. 
Custom-engineered solenoids in every size 
capacity and type can be made to meet your 
specifications. Write us about your applica- 
tion problems stating specific requirements. 


21 





CDF Dilecto 
paper-base laminates 
for the workhorse 
insulation jobs 


For everyday mechanical-electrical parts that receive 
tough punishment and must have excellent physical 
and dielectric properties at low cost, the CDF phenolic 
paper-base line is outstanding. 


Economy. CDF paper-base grades machine readily into 
intricate parts. Some are flame-retardant. Others are 
especially adaptable for punching. All are economical 
for the value delivered. 


Fabrication Facilities. CDF has excellent and extensive 
plastics-fabrication facilities for turning out finished 
Dilecto parts to your specifications—better and more 
economically than you can do it yourself. Save the time 
and trouble of intricate fabrication by using CDF’s 
specialized facilities. 

See Sweet’s, Electronics Buyers’ Guide, and the other 
directories for the phone number of the CDF sales 
engineer nearest you. Or send us your print or problem 
direct, and we’ll return a recommendation of the right 
Dilecto grade for your need. 

CDF makes Di-Clad® printed-circuit laminates, Diamond® Vulcanized 
Fibre, COF products of Teflont, flexible insulating tapes, Dilecto* lami- 


nated plastics, Celoron® molded products, Micabond* mica products, 
Spiral Tubing, Vulcoid* 


tl)u Pont trademark for its TTF E-ftluorocarbon resin 


Fabricated by CDF. Near the presses that produced the Dilecto 
laminates, these paper-base parts were machined to close tolerance . 
y 


by CDF specialists juickly, accurately, economically for the 
purchaser Tt a random selection from the five grade 


described in the table below 


A SUBSIDIARY OF THE —ABera4ef- COMPANY « NEWARK 13, DEL. 





Typical Property Values—Dilecto Paper-Base Laminates in Sheet Form 


XX-13 FR 
X-13 XP-13 XX-13 Fire-retardant XXXP-28 
NEMA X NEMA XX NEMA XX NEMA XXXP 


ROCKWELL HARDNESS (M SCALI 100 110 108 


PENSILE STRENGTH Iw (1000 psi.) 20 16 


FLEXURAL STRENGTH Iw (1000 psi.) 17 


35 


COMPRESSIVE STRENGTH (1000 psi.) 


WATER ABSORPTION (% in 24 hrs.) 


1/16” thickness 


MAXIMUM CONTINUOUS OPERATING 
TEMPERATURE CC.) 


DIELECTRIC STRENGTH perp. to 
lam. (VPM 


DIELECTRIC STRENGTH parallel to 


lam Kv.) 
DISSIPATION FACTOR at 1 mc, Cond. A : 0.038 


DIELECTRIC CONSTANT at 1 mc, Cond. A 





ARC-RESISTANCE (seconds) 4 


INSULATION RESISTANCE (megohms) 1,000 c 600,000 


ASTM D.-257, Fig 





AIEE insulation class 
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Controlled 
MINE TO MARKET! 
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Hussey Copper Products 


Sheets ® Strip ® Rolls ® Wire 
Tubing ® Pipe ® Rounds 
Squares ® Hexagons 

Copper Roof Drainage Products 
Copper Building Products 


C. G. HUSSEY & COMPANY 


(Division of Copper Range Company) 
Rolling Mills and General Offices: Pittsburgh 19, Pa. 


WHITE PINE COPPER COMPANY 
(Subsidiary Copper Range Company) 


7 CONVENIENT WAREHOUSES 


PITTSBURGH (19) CHICAGO (18) 
2850 Second Ave. 3900 N. Elston Ave 
CLEVELAND (3) ST. LOUIS (1) 

5318 St. Clair Ave. Central Terminal Bldg. 
CINCINNATI (37) PHILADELPHIA (30) 
1045 Meta Drive 1632 Fairmount Ave, 
NEW YORK, LONG ISLAND CITY (6) 

34-39 Thirty-first St 


HUSSEY COPPER 


Your best guarantee of quality is a 
product controlled from origin to fin- 
ished product by a single source. 
Hussey Copper is mined, smelted, re- 
fined and rolled by the same capable 
organization. Make sure it's copper 

. make it Hussey Copper and be 


sure! 


HUSSEY 
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INDUSTRY'S BROADEST LINE OF 


TYPICAL SWITCHING CIRCUIT AT 25°C 


ov 
| BEARER RE 
— —28Vv 


jomelezel —1 [so] 0 [oe on [a4 


NEW POWER SWITCHING 
TRANSISTORS 


ee NEW P-N-P germanium power 


switching transistor s guarantee 5.5 W 
dissipation at 25°C with voltage rat- 
ings of 40, 60, 80, and 100 volts for 
optimum design flexibility. The func- 
zi tional design of the heat sink assures 
Trt rapid installation requiring only one 
(ACTUAL SIZE) mounting hole through the chassis. 
You get guaranteed 20-to-60 beta spread and a low 0.16 
ohm saturation resistance at the 3A maximum collector 
rating. In addition, a maximum 125 A collector reverse 
current is guaranteed at one-half rated breakdown volt- 
tage with TI 2N1042, 2N1043, 2N1044, and 2N1045 
alloy junction transistors. 
These new devices are well suited for your switching 
circuits ... relay drivers... audio and pulse amplifiers. 


Igz TURN-ON CURRENT 
Ig; TURN-OFF CURRENT 


TYPICAL SOLENOID RELAY DRIVER 


O mA off cook fe 
n> +I1mA 
Mee 
ON 
—50mA (MAX) 


NEW MEDIUM POWER 
SWITCHING TRANSISTORS 


2 


(ACTUAL SIZE) 


ts = 48 OHMS MIN 


NEW P-N-P germanium medium 
power transistors give you switching 
times as low as 1.1 »sec. TI 2N1038, 
2N1039, 2N1040, and 2N1041 alloy 
junction transistors provide 800 mW 
dissipation in free air at 25°C,450 mW 
with voltage ratings of 40, 60, 80, and 100 volts. 
In addition, guaranteed 20-to-60 beta spread and low 
0.2 ohm saturation resistance assure reliable perform- 
ance for your high speed switching circuits... relay 
drivers ... low power audio and pulse amplifiers. 


at55°C... 

* DIODE D, 1S USED TO 
CLIP REVERSE VOLTAGE 
SWING ACROSS SOLE- 
NOID WHEN TRANSIS- 
TOR IS TURNED OFF. 





Coliector Collector Beta Collector Reverse Current Saturation 


Dissipation 
at 25° 


Voltage-V 
max 


Current A 
max 


min max 


Igq max 


pA 


Resistance 
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40 70 (Avg) 
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IMMEDIATELY 


TEXAS 


WORLD'S LARGEST SEMICONDUCTOR PLANT 


AVAILABLE IN PRODUCTION QUANTITIES OR... 


f 





GERMANIUM POWER TRANSISTORS! 


TYPICAL SWITCHING CHARACTERISTICS 


NEW HIGHEST FREQUENCY 
uk COMPUTER POWER TRANSISTOR 





INS39 7 
(ACTUAL SIZE) 











TYPICAL SWITCHING TIMES 


NEW TI 2N1046 combines high power, high fre- 
Ty Delay Time 0.3 psec 


quency and high voltage performance in a single 
T, Rise Time 0.7 usec transistor package! This P-N-P diffused base germa- 
“re ies Se nium transistor has guaranteed dissipation to 15 
: watts and collector breakdown voltage to 80 volts 
with 12 mc typical alpha cutoff. Extremely low col- 
lector reverse current averaging 0.2 ma at 40 volts 
and a low 0.75 ohm saturation resistance assure reli- 
able operating characteristics. 


Designed for your deflection circuits and computer 
core driving applications, the 2N1046 has a typical 
10mc internal cutoff frequency, f; (point at which 
forward current transfer ratio equals unity). 


O.5 ,~sec 





NEW HIGHEST VOLTAGE 
TRANSISTORS 


TYPICAL 20 WATT AMPLIFIER 
POWER GAIN = 23 db 


Vec | ®, DISTORTION 
_ 


TRANSISTOR EFFICIENCY 20 WATTS 


(ACTUAL SIZE) 


2N1021 -80 | w 66% 


[__2ntorz_|-100/ $0] 6x 2% 
NEW TI2N1021 and 2N1022 germanium transistors, 
ee with maximum operating voltages of 100 V and 120 V 
“Te, Minimine Cross-Over Distortion the Cait respectively, provide typical betas of 70 at 1A... 
23 at 5A! 
You get guaranteed 700 »A maximum collector re- 
verse current at one-half rated voltage and 2mA 
maximum at full rated voltage in addition to ex- 
tremely low saturation resistance ...0.08 ohm Res. 


For your audio, servo and power applications, con- 
* HEAT SINK sider these outstanding performance characteristics 
and specify TI germanium transistors. 


OFF THE SHELF IN 1-99 QUANTITIES FROM YOUR NEARBY TI DISTRIBUTOR 


i TRUMENTS TEXAS INSTRUMENTS SALES OFFI( 
N S DALLAS ° NEW YORK . CHICAGO ° 0S 


INCORPORATED DAYTON : DENVER . DETROIT 
SEMICONDUCTOR —- COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY 
c ‘ e " ( f 
POST OFFICE BOX 312 * DALLAS, TEXAS SYRACUSE WALTHAM WASHINGTON, D. C 
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For Your Special Applications 


The bulk of UTC production is on special units designed to specific customers’ needs. 
iustrated below are some typical units and some unusual units as manufactured for 
special applications. We would be pleased to advise and quote to your special requirements. 


FILTERS 

All types for 
frequencies 
from .1 cycle 
to 400 MC. 














400 — telemetering, 3 db at 15 — BP filter, 20 db at 30 LP filter within 1 db to 49 LP filter less than .1 db 0 
+ 7.5%, 40 db at 230 and —, 45 db at 100 —, phase KC, stable to .1 db from 0 to 2.5 KC, 50 db beyond 3 


ree “ angle at CF less than 3° to 85° C., 4 f 
700 —, Mex 1% x2 from —-40 to + 100° C. 5° C., 45 db at 55 KC 


HIGH Q COILS 


Toroid, 
laminated, 
and cup 
structures 
from .1 cycle 
to 400 MC. 














Tuned DO-T servo amplifier Toroid for a a circuit, Q Dual toroid, Q of 75 at 10 HVC tapped variable inductor 
oe, 400 — 5% of 90 at 15 KC. KC, and Q of 120 at 5 KC. for 3 KC oscillator. 
s : 


SPECIALTIES 

Saturable reactors, 
reference 

transformers, 

magnetic 

amplifiers, 

combined units. 


RF saturable inductor for Voltage reference trans- Multi-control magnetic am- Input, output, two tuned 

sweep from 17 MC to 21 MC former .05% accuracy. plifier for airborne servo. interstages, peaking net- 
work, and 8P filter, all in 
one case. 


PULSE 
TRANSFORMERS 


From miniature 
blocking 
oscillator to 

10 megawatt. 


























Wound core unit .01 micro- Pulse current tansformer 100 Pulse output to magnatron, Precise wave shape pulse 
second rise time. Amp. bifilar filament. output, 2500 V. 3 Amps. 


POWER 


COMPONENTS 
Standard and high 
temperature ... 
hermetic, 
molded, and 


encapsulated. 











Multi-winding 140 VA, 6 KC 200° C. power transformer, 400 — scope transformer, 60 — current limiting fila- 
power transformer 1a x 1% 400 —, 150 VA. 20 KV output. ment transformer, Sec. 25 
Gs Mmfd., 30 KV hipot. 


UNITED TRANSFORMER CORPORATION 
150 Varick Street, New York 13, N.Y. * EXPORT DIVISION: 13 E. 40th St., New York 16, N. Y., 
CABLES: “ARLAB” PACIFIC MFG. DIVISION, 4008 W. Jefferson Blvd., Los Angeles, Cal. 
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y4i\ fe DIE CASTINGS ARE BEST 


Redesigning this vacuum tube base cut manufacturing costs by 50% 
The old base (shown at left) required seven operations from blanking the 
steel frame to staking the socket in position 
\s a zine die casting (shown at right), only one operation — punching the 
tube pin slot was necessary. By die casting this part from zine rather than 
from aluminum, the following additional advantages were achieved 
. Less draft on the socket 
. Greater overall strength 
. Lower die cost 
For similar savings review your metal parts that possibly can be produced 
is ZAMAK alloy die castings. 


HORSE HEAD® SPECIAL ZINC AND HORSE HEAD ZAMAK ARE PRODUCED BY 


THE NEW JERSEY ZINC COMPANY 


DEVELOPERS OF THE ONLY STANDARD ZINC DIE CASTING ALLOYS IN USE TODAY 
160 Front Street - New York 38, N. Y. 
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| Other Special Reprints 
: _ Available .. . 
Reprints now available | Engineering Applications of Boolean 


on Ira Ritow’s 


practical guide to 


Slide Rule 


Mathematics 


H ow are you on the log-log scales with 
vectors and complex functions—not to mention 
the hyperbolics? 


“SLIDE RULE MATHEMATICS” —te- 
printed from the March-April issues of ELEC- 
TRICAL MANUFACTURING—offers a prac- 
tical guide to the understanding of the slide 
rule and its application to engineering prob- 
lems. This 2-part article is the work of Ira 
Ritow, engineer-teacher and author of the 
popular “Capsule Calculus” and “Fundamentals 
of Servomechanism Design.” SLIDE RULE 
MATHEMATICS traces the logical develop- 
ment of the slide rule’s fundamentals and gives 
complete concise instructions for its use. Con- 
tains over 50 two-color illustrated examples of 
step-by-step slide rule settings. Major topics 
include: 


Uses of the Basic Slide Rule 
Variations on Basic C-D Operations 
Trigonometry 

The Log-Log Scales 

Vector Diagrams 

Phasor Calculations 

The Circular Slide Rule 


The 20-page reprint, plus 4 practice slide rules 
printed on heavy stock for easy cut-out, is priced at 
ONE DOLLAR. Ordered in quantities of 5 to 24 
for single shipment to one address, the per copy 
price is 90 cents; for 25 or more copies, 75 cents each. 
Send remittance with order (adding 3 per cent for 
New York City delivery) to Reader Service Depart- 
ment, The Gage Publishing Company, 1250 Sixth 
Avenue, New York 20, N. Y. 


Director, Reader Service 
ELECTRICAL MANUFACTURING 
1250 Sixth Avenue, New York 20, N. Y. 


Enclosed is our remittance cash; 
for —————. copies of the 20-page reprinted article “SLIDE RULE 
MATHEMATICS.” 








Mail copies (postpaid) to 








Algebra, 68 pages. A design guide 
to the analysis and synthesis of 
switching circuits and logic sys- 
tems—both combinational and _se- 
quential—in any medium: mechani- 
cal, electrical, hydraulic, electronic 
or solid state. Includes five pre- 
viously published articles plus a 
never-before-published appendix. 


e Language and Laws of Boolean 
Algebra 

e Analyzing Combinational  Cir- 
cuits by Boolean Matrices and 
Karnaugh Maps 

e Analyzing Specifications and De- 
signing Circuits 

e Circuit Design Using Boolean 
Matrices and System Synthesis 
Using State Coding 

e Designing Sequential Circuits 

plus (available only in this combined 

reprint) 

e Electronic Sequential Circuits 

e Tabular Reduction Techniques 

e Selected Bibliography 


Written by Boris Beizer, Airborne 
Instruments Laboratory, and Ste- 
phen W. Leibholz, Republic Avia- 
tion Corporation. $2.00 


Human Engineering in Equipment 


Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and _ instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
systems, special-purpose instrumen- 
tations and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. $2.50 


Casting Resins and Application Tech- 


niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control 
problems. Annotated bibliography 
of articles is included. $2.00 
Use handy Order Form, page 200 


ELECTRICAL MANUFACTURING 





Standard microsize UNBRAKO socket cap and set screws, +0 through 
#3, are supplied by your authorized industrial distributor in heat-treated 
alloy or stainless steel. Available with Nylok* self-locking feature. 


Microsize 
UNBRAKO Socket Screws 
Simplify Fastening 
of Small Assemblies 


Microsize UNBRAKO socket cap and set screws save both time and 
money in the design and assembly of your small devices. Precision 
manufactured, available locally, they eliminate the cost and delay 
of designing or procuring special screws to fasten tiny components. 
Use them in computers, servomechanisms, instruments, miniatur- 
ized electrical and electronic equipment—countless small, intricate 
devices where reduction in weight and bulk is required without sac- 
rificing strength or reliability. 


These miniature socket screws have all the advantages of larger 
UNBRAKOs. Deep, accurate sockets for non-slip, high-torque wrench- 
ing. Radii in socket corners to eliminate sharp angles where cracks 
start. Fully formed threads for greater strength and precision fit. 
Controlled fillets under cap screw heads to prevent shearing. Careful 
heat treat for maximum tensile values without brittleness or decarbu- 
rization. Because of these features, microsize UNBRAKO socket cap 
screws are as much as 80°; stronger than ordinary miniature cap 
screws, and microsize UNBRAKO socket set screws can be torqued 
tighter than ordinary miniature set screws. This extra strength means 
greater reliability in the fastening of your small assemblies. 


For more information, see your authorized SPS distributor. He car- 
ries microsize UNBRAKOs in both alloy steel and stainless in sizes 
#0, #1, #2 and #3. Or write us for Bulletin 2374 and samples. 
Unbrako Socket Screw Division, STANDARD PRESSED STEEL CoO., 
Jenkintown 9, Pa. 


*T.M, Reg. U.S. Pat. Off., The Nylok Corporation 


We also manufacture precision titanium fasteners 
write for free booklet 


Jenkintown ¢ Pennsylvania 
Standerd Pressed Steel Co. « 6 eve . 
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HEAT-TREATED ALLOY STEEL 
Microsize UNBRAKD Socket Cap Screws 





Threads 
ach 
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" HEAT-TREATED ALLOY STEEL 
Microsize UNBRAKO Socket Set Screws 
Class 3A Threads— Plain Cup Point 
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HIGH RELIABILITY 


SPS research is continually developing fasteners 
with higher and higher standards of predictable 
performance. By installing SPS high-reliability 
fasteners in your assemblies, you increase your 


overall product reliability 


For more information on the full meaning of reliability, 
write for a copy of the new SPS booklet "High Reliability.” 








Barden Precision 206H5DB bearings as used in a computer storage drum 


How to design BARDEW Precision into your product 


Ball Quality Integrator, a Barden 
quality control instrument, measures 
performance characteristics of balls 
used in Barden Precision bearings. 
Developed by Barden for its own 
functional testing, the Ball Quality 
Integrator has set a standard for 
precision ball quality. 


SPECIFY BARDEN PRECISION BALL BEARINGS FOR: 


Effective computer storage drum performance 
depends on extreme accuracy in location of 
the rotating drum surface in relation to the 
magnetic pick-offs. Maximum allowable drum 
runout is commonly .0001”. 


The 206HS5DB and other Barden Precision 
matched duplex bearings—including minia- 
ture sizes— provide the low eccentricity and 
low non-repetitive runout, as well as the rigid- 
ity, smoothness and long life demanded by 
this precision application. 

You can design Barden Precision into your 


product by calling on Barden at the early 
design stages to help select the bearings you 


need to meet your specific demands for 
precision performance. 


Your product needs Barden Precision if it has 
critical requirements for accuracy, torque, 
vibration, temperature or high speed. For less 
difficult applications, Barden predictable per- 
formance can cut your rejection rates and 
teardown costs. 

From research and design, through quality 
controlled production, functional testing and 
application engineering, each Barden Precision 
bearing is planned for performance. Barden 
Precision means not only dimensional ac- 
curacy but performance to match the demands 
of the application. 


THE IBAARIDEWN corporation 


69 E. Franklin St., Danbury, Connecticut + Western office: 3850 Wilshire Blvd., Los Angeles 5, California 
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INSTRUMENTS © COMPUTERS AND RECORDERS © AIRCRAFT ACCESSORIES © MACHINE TOOL AND TEXTILE SPINDLES © OTHER PRECISION APPLICATIONS 





Meeting tough specifications is our business 

E-I supplies the hermetically sealed terminals and headers used in the 
At!as Intercontinental Ballistic Missile Program. The complete E-I line of 
standard giass-to-metal seals offers engineers widest possible design latitude 

. includes super-rugged compression seals, miniature closures and stand- 
ardized color-coded terminals. When specifications call for hermetic seals, 
ask an E-I sales engineer for a recommendation on your requirements. In 
most cases, an economical E-I standard seal will meet your specifications. 
If your application is unusual, custom components can be supplied. 


GLASS-TO-METAL 
SEALS by E-I 


End Seals for Tubular Components 


oo ©F-1-1o Mola Mm dal) 
ATLAS 
‘eal t-3-)1 (— 
folgeleie-lag 


Multiple Headers 


Threaded End Seals 





Call or write for latest catalog containing complete 


engineering information and helpful installation data 
LZ 


~ ELECTRICAL INDUSTRIES 


A Division of Philip Ele ctronic Ine Murray Hill, New Jersey 
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SOLEROIDS 


STROKE IN INCHES ZERO 1/4 1/2 
tee 





MODEL 1oo% © | 4.75 " : 2.2 : 17 
o1 esx © | 3.75 E 1.50 3 1.1 
“Mop | 100% E | 5.5 ¥ F 3.1 P “2. 8 2.4 
o2 esx © | 4.5 , 7 | 20 | 2. ee me 1s 
mova | | os 2.25 ; : 2.0 
13 r _e| 40 ; é 1.6 E ee wm 1.4 





MODEL 8.0 r z 5.25 oe . 4.5 

™s ‘ ; 6.0 - ¥ 3.35 R 25 3.1 

move | 100% | 12.0 | s. “6.75| 6. = ca 64 

16 , 10.0 ; 4.75 ' 3 ; 4.5 

“move | | 16.0 9 |9o0 | ses | s. x 8.0 
7 


ms ee 14.0 r o | 63 ; : . 6.0 
| move. | 100% | P85 11.4 : 10.25 
1s ; | a F 8.25 z 7.25 & 
‘move |. ; | 25.0 — t3.5 ° aN 12.5 |12.5 | 12.25 
20 | 20.0 ~ | 9.o . = 8.5 a5 8.5 
“MODEL | 35.0 16.0 | ; 15.0 |1s0|150 | ot 
2 25.0 10.5 : 10.0 |10.0 | 10.0 
MODEL | 40.0 23.0 ; 20.0 |20.0 | 20.0 | 20.0 | 20.0 
si : 30.0 17.0 ; 14.5 |14.5 | 14.5 |14.5 | 14.5 
MODEL 45.0 28.0 ; 25.0 |25.0 | 25.0 |25.0 | 25.0 
s2 ess E£ 33.0 19.0 J 17.0 |17.0 | 17.0 |17.0 | 17.0 


















































MODEL 100% & | 50.0 37.0 d 30.0 [30.0 | 30.0 [30.0 | 30.0 
3 


s sss E 36.0 [aso [f oO 20.0 |20.0 | 20.0 | 20.0 | 20.0 





DECCO’S patented construction and finest quality materials have greatly extended the 
service life of the solenoid. Silicon steel laminations give top efficiency. Hardened 
beryllium-copper plungers reduce friction and wear. Shock absorbing construction assures 
long service life. Non-magnetic, stainless steel striker-plates . . . heavy Nylclad magnetic 
wire . . . high temperature flow-point, molded nylon bobbins, all contribute to the 
dependability and stamina which make DECCO solenoids the best buy in the market today. 


There is a type, model and size DECCO solenoid for every requirement. Write for DECCO 
brochures #572 standard models or #581 miniature models. 


DETROIT OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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One of the ways to judge a skilled crafts- 
man is by the tools he uses. They're in- 
variably the best he can find — chosen to 
lighten his work, sharpen his skills. And, 
if the craftsman is a draftsman, they are, 
more often than not, products of K&E. 


It may be that some of these products have 
escaped your attention (after all, we offer 
something over 8000 items). That’s why 
we suggest you pay a visit to your K&l 
dealer whenever you can. It’s a liberal edu- 
cation on what’s new 
tried and true — in drafting equipment. 


as well as what's 


You'll find many products like these which 
can be highly useful in your work. 


K&E ‘‘Quick Set'' Bow Compass 


The most remarkable feature of this com- 
pass is the speed and ease with which you 
can change settings—from diameters of 12 
inches to 1/16 inch. With one hand, you 
can increase or decrease radii instantly and 
exactly. To go from small to larger radius, 
just press a spring release, and the legs will 


expand automatically. Stop approximately 
where you want, and make precise adjust 
ments with a micrometer screw. To go 
from large to small, simply squeeze the 
legs of the compass together, then 
precisely. 


idjust 


The K&E Quick Set combines the rigidity 
and precise adjustment of a standard bow 
compass, the simplicity and speed of a 
friction type compass, plus the finger tip 
control of K&E’s unique design. You have 
to try the Quick Set to appreciate it fully. 


[wo types are available. The N1071 fixed 


SS ee 


Some Ideas _ 


1 
| 
L 


leg pencil compass, and the N1070 com- 
bination with interchangeable pen and 
pencil inserts. Both come with a box con- 
taining leads and spare needles. And with 
the N1070, a pen handle is provided for 
the pen insert which permits its use as a 
ruling pen. The compass can also be used 
as a divider by substituting one of the 
spare needle points for the lead in the pen- 
cil insert 


Marathon® Ruling Pens 


K&E Marathon Long Line and Wide Line 
Ruling Pens (1092) hold an extra large 


I'd like more information on 
K&E Quick Set Compass 
Marathon Ruling Pens 
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Kee 


your file of practical information on drafting and reproduction 


from 
——— ——— — ——- KEUFFEL & ESSER CO.-———————— J 


Please send me the name and 


ink supply — draw lines up to eight times 
longer than ordinary ruling pens. And 
because they are pre-set, line widths are 
always uniform, easy to match with com- 
plete accuracy. Ink flow is regular and 
even, lines are always sharp and clean 


edged. 


An important feature of K&E Marathon 
Ruling Pens is that they will not leak. They 
can be laid on the work surface without 
risk of ink flowing out. That means you 
can fill several pens of different widths, 
use them as freely as you'd use pencils. 
[hey’re easy to clean, too 


K&E Marathon Long Line Ruling Pens are 
available individually in line widths of 
006, .009, .013, .020 inch — or in sets of 
three pens in line widths of .009, .013, .020 
inch in a Leatherite case. Marathon Wide 
Line Ruling Pens come.in line widths of 
.030 and .060 inch. 


Leroy" Height and 
Slant Control Scriber 


A versatile new Leroy scriber is now avail- 
able which greatly expands the variety of 
lettering possible from 
template 


a standard Leroy 


Now, with the new Height and Slant 
Control Scriber (3237-12), you can form 
characters from vertical to slanting at any 
angle up to 45 
forward, You can 
vary height from 
60 to 180° of 
the size of letters 
on the template 
used The width 
of letters remains 


the same 


Combinations of height and slant can he 
set quickly and easily. You just loosen the 
knob, move the scriber arm to the desired 
combination of height and slant, and tight- 
en. That's all there is to it. 


Stop in to see your nearest K&E dealer 
and ask to see these three products—small, 
perhaps, but mighty handy in the drafting 
room. Or drop us a line by mailing the 
coupon below... 


KEUFFEL & ESSER CO., Dept. EM-1, Hoboken, N. J. 


Leroy Height and Slant 
Control Scriber 


address of my 
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A HIGH TEMPERATURE FILM WIRE DEVELOPED BY 


APPLIED RESEARCH TO MEET 155°C (CLASS “F”) 
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PHELPS DODGE 


AVERAGE LIFE, HRS. 


A 


PERFORMANCE... 


TEMPERATURE °C 


LEZE 


Dielectric twist performance establishes 
Thermaleze F as exceeding (155° C) Class “‘F’’, 


Better factor of safety because of improved 
“heat shock”’ characteristics. 


Good film flexibility under Class ‘‘F”’ conditions. 


Good balance of electrical, chemical and 
physical properties. 


Ideal for Class “‘F”’ stator windings and high 
temperature layer or random wound coils. 


Presently available in square and rectangular 


wire; also in round wire, sizes #8-40. 


Any time your problem is magnet wire, consult Phelps Dodge for the quickest, easiest answer! 


cocmaaaenr > a PHELPS DODGE COPPER PRODUCTS 


PWN buenremaley enuws x AD-A CORPORATION 
—FROM MINE 


TO MARKET! INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 
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Miniature 
plug-in Relay 
for printed 
circuits 


SQPC Relay—Length, | 3/4’; 
height, 1 5/16” to 1 3/4” 
(depending upon 


eee millions eT en 
of operations 
without attention! 


Need a dependable relay for direct inser- 
tion into printed circuits? Automatic Elec- 
tric’s new Printed-Circuit Relays run up to 
120 million operations without a single 
readjustment or relubrication! 


Miniaturized without sacrifice of rugged- 
ness, these SOPC Relays, with reinforced 
mounting, deliver reliable performance 
under extreme conditions — dependable 


yenreaeirgunannin dep taindagetaga RELAY SPRING TAKING ITS “PHYSICAL.” A technician 
shock, and temperatures from —55° to explores critical spring areas for tool marks and concealed 
+85°C. defects—calibrating radii to .001 inch—checking for the strength 


sis : . : and stamina which will assure long, uniform service life. 
SQPC Miniature Printed-Circuit Relays Automatic Electric quality control is unmatched in the indus- 
are available with many different contact try—a compelling reason why you should specify AE in your 
spring arrangements—can be permanently engineering. 
secured with any acceptable soldering 


technique. 


Save parts, assembly and wiring time by using printed circuits—and Automatic Electric SQPC Relays. For 
full details, write or call: Automatic Electric Sales Corp., Northlake, Illinois. Jn Canada: Automatic 
Electric Sales (Canada) Ltd., Toronto. Offices in principal cities. 


AUTOMATIC ELECTRIC <> . 


Northlake, Illinois * Subsidiary of GENERAL TELEPHONE 
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Power-Up with new 


Westinghouse {4e-Lize /4/ 
d-c motors 


Ten times longer insulation life 
under any temperature conditions 


HERBE’S WHY: New silicone insulation in Westinghouse Life-Line’ ‘*H”’ 
d-c motors and generators stands up under temperatures which turn ordinary 
insulation to a cinder. High-temperature silicone insulation is used with the ful 
complement of iron and copper required for low Class B temperature. Result 
Life-Line ‘‘H”’ shrugs off emergency overloads and abnormal! ambients to keep 


production rolling, maintenance down 


Plus... these other important advantages 


you CAN BE SURE...1F ITS Westinghouse 








These exclusive features of the new 


Westinghouse 


/H/ a-c motor guarantee 


top performance... longer, trouble-free life 


CLEANER, COOLER OPERATION results from 
new controlled ventilation system of Life-Line ‘‘H.’’ Ordi 
nary d-c motors draw air in at commutator end, contaminate 
windings by drawing carbon dust from commutator brush 
wear into-the machine. Life-Line ‘“‘H’’ reverses this flow 


Air and carbon dust are expelled at commutator end 







assuring cleaner, cooler windings longer motor life 


less maintenance 
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FASTEST RESPONSE ... 35 per cent increase in com- 
mutating ability up to 55 per cent lower mechanical 
inertia and up to 30 per cent reduction in electrical 
inertia mean that the new Westinghouse Life-Line ‘‘H”’ d-c 
motor provides the fastest acceleration, quickest reversing 
and closest speed regulation. This means more production, 
better product quality, minimum complexity of control. 


For information about the ways you can profitably 
put the new Life-Line ““H”’ motor to work, contact 


your nearby Westinghouse representative. Or, write 





GREATER PROTECTION . . most complete and 
advanced protection available in dripproof industrial d-c 
machines. Elimination of uncovered side openings . 
cast end brackets 


.. heavy, 
. effective seals throughout .. . all 
combine to provide outstanding resistance to liquids, vapors 
and dirt. This means longer life with greater reliability .. . 
minimum maintenance under all operating conditions. 
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SIMPLIFIED MAINTENANCE .... .. With the new 


Life-Line ‘“‘H,”’ maintenance is not only substantially reduced 


j 
but periodic inspections are also greatly simplified. For 
example: as shown above, Uniforce brushholder fingers 
lock out . brushes can be inspected or changed with one 
hand. And Uniforce tension remains constant throughout 


brush life . no need to adjust pressure as brushes wear. 


Westinghouse Electric Corporation, P. O. Box 868, 


3 Gateway Center, Pittsburgh 30, Pa. J1-22123 


you CAN BE SURE...1F ITS Westinghouse 


The strong SCOTCH No. 27 Glass Cloth Electrical 


in this mercury lamp stabilizer 
Zn! 


~ mf costs 12 cents. 
me 


transformer coil 


% 


It insures trouble-free operation under 


rugged conditions for a minimum of 20 years. 


Annual insulation cost: 6/106! ee 


Can you afford less than the best? Get 


—_ . §coTcn 


BRAND 


Electrical Tapes 


For complete information on “ScotcH” BRAND No. 27 Glass Cloth Electrical 
Tape, write on your letterhead to 3M Co., St. Paul 6, Minn., Dept. BY-19. 
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that SOLVED special control problems. 


® How this engineering experience 
can help you 


The small Time Delay Timer represents 

one of the simplest motor driven timers 

we manufacture. It is a reliable standard 

fixed time delay type. 

Industrial Timer also manufactures this Punched Tape Program- 
mer which controls 85 individual load circuits through an unlimited 
number of steps. No coding or elaborate memory systems are re- 
quired, making possible direct control from Programmer to process. 
Between these two extremes we list 1688 different timers, of which 
39 are standard types and 1649 are “specials’”’ developed to solve 
difficult control problems. 





Most timing problems have their own unique characteristics. 
However, it very often happens that a control problem is quickly 
solved by one of these 1649 already developed special timers. If 
not, we have the staff, the experience (20 years) and what’s 
more important, the desire to design and deliver the timer 
that fills your needs 100%. Send us your specifications. 


COMPLETE NEW TECHNICAL BULLETINS NOW READY 
Ask for complete catalog or individual bulletins by number 


kywcuronous : 2 
MOTOR DRIVEN 
ADUSTRIA 
PRO GRA 


No. 100 Card & Tape No. 200 Motor Driven No. 201 Multi-Cam 


Complete Catalog Programmers Cam Timers Timer Kit 


Timing Controls 
Lay Timers 


No. 300 Motor Driven No. 400 Motor Driven No. 500 Motor Driven No. 700 Time Meters & No. 800 Explosion Proof 
Time Delay Timers interval Timers Recycling Timers Time Totalizers Timing Controls 


AFFILIATE—LINE ELECTRIC COMPANY 


Timers that Control FR , INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry . 1411 McCARTER HIGHWAY, NEWARK 4, N. J. 
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THE FIRST COUNT-DOWN WAS . 


ide AN R.F. 


SHIELDING ENCLOSURE 


Proper functioning of critical missile electronic guidance 
systems demands exhaustive pretesting in the laboratory, 
on the production line and at the launching site. One very 
important pre-testing procedure is analyzing the performance 
of electronic components, sub-systems and systems in an area 
completely free of RF interference. 

Shielding, Inc. is a supplier of RF Shielding enclosures for 
use in both the Thor and Atlas programs. As a designer 
and producer of RF shielding enclosures from the largest 
ever built to standard, modular rooms, Shielding has the 
experience and abilities to fill critical RF shielding 
requirements — with either a standard or custom- 
designed enclosure. 

Missile and communication equipment manufacturers and 
government officials know from experience that Shielding 
enclosures offer the highest RF shielding effectiveness 
available for construction material used . . . incorporate 
extra mechanical design features and installation versatility 
not found in conventional enclosures. 

Whatever your RF interference needs, Shielding will 
deliver an enclosure to your specifications. Write or wire, 
outlining your problems, to Shielding, Inc. You will receive 
a prompt appraisal. 
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(% SHIELDING, INC. 


Ba prs me 60 N. READE AVE. 
2g t A RIVERTON, N. J. 


icAdo — R. Enwar stews» enveb > WiCLiie re Aeacetetess vont WORTH—MITCHELL SPEAIRS COMPANY ¢SEATTLE-G. M. GILLETT COMPANY 
i hd Pine ne tos ANGELES ~ CARE A. BYONE AasoclAres: ING. ¢ CANADA — STARK ELECTRONICS SALES LTD., AJAX, ONTARIO 
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Varian G-11A for panel, 
rack or portable use for laboratory 
or equipment builder. 


Unique combination of 
performance, size and price 


OVER 1000 TIMES AS SENSITIVE as galvanometer re- 
corders. . . and Varian’s null-balance potentiometer 
needs no power from the source being measured. 
Rugged, stable mechanism allows ink or inkless re- 
cording — easy-to-read rectilinear chart — source im- 
pedances of up to 100,000 ohms. 


LESS THAN HALF AS WIDE as a standard 19-inch rack. 
Two Varian G-11A’s mount side by side on a rack panel 
10% inches high. Or as a portable, the G-11A is an 
easy-to-handle 15 pounds. The G-10 sits on less than 
one square foot; its horizontal chart is handy for 
jotting notes. 


MORE VERSATILE AND ADAPTABLE than any similar re- 
corder — adjustable zero, adjustable span (from 9 to 
100 mv on the G-11A), multiple chart speeds (up to 
four on the G-11A), and plug-in input chassis for dif- 
ferent recording requirements. 


PRICES THAT BEGIN AT $365 for the G-10 and $47 

for the G-11A. Because unneeded performance cos 

money, Varian has intentionally designed for | 

of error and 1l-second balancing time. Thus, Varian 
ruggedness, dependability and oper 


at moderate 


Ui UN 
stl 


Varian G-10 bench-top 
recorder for accessible, 
horizontal chart. 


WRITE TODAY FOR COMPLETE 
SPECIFICATIONS AND STANDARD OPTIONS 


¢ 
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Problem: In the event a fan 
failed in one of their hair driers, 
Dominion Electric Corp., Mans- 
field, Ohio wanted the current to 
shut-off before dangerous overheat- 
ing could occur. Otherwise, the 
heating unit might destroy itself, 
ruining the hair drier and the ex- 
cessive heat could create a personal 
hazard to the user. 


Solution: A BUSS Heat-Limiter 
was installed in the heating unit 
circuit of the hair drier. Now, the 
Heat-Limiter opens and shuts-down 
the circuit should anything cause 


the temperature of the heating unit 


ANOTHER 
OUTSTANDING 
DEVELOPMENT 

BY THE MAKERS OF 


BUSS FUSES 


How DOMINION Electric Corp. 
Protects its Hair Driers Against 
Danger of Overheating... 

with BUSS Heat Limiters. 


to rise above the opening point of 


the Heat-Limiter. 


If overheating is a problem on 
your device... it will pay you to 
BUSS 


Almost any electrical device or ap- 


investigate Heat-Limiters. 
paratus that is subject to dangers 
of overheating can be protected by 
a BUSS Heat-Limiter. Where ther- 
BUSS Heat- 
Limiters offer ideal ‘back-up’ 


mostats are used, 


protection should the thermostat 
fail. 

To meet your needs: 
a complete line of coil type, leaf 


there’s 


type and element type Heat-Lim- 
iters. 

For more information use coupon 
or write for descriptive bulletin 
PRO-1. 

Bussmann Mfg. Division, 
McGraw-Edison Co., St. Louis7,Mo 


EM 


BUSSMANN MFG. DIVISION, McGraw-Edison Co. University at Jefferson, St. Louis 7, Mo 


Please send bulletin PRO-1 on BUSS Heat-Limiters 


Name 
Company 


Address 
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PASSES TESTS 
WITH FLYING COLORS 


MILITARY 
AIRCRAFT 
MOTOR 


Aircraft de-icing pump motor. 


Impact concrete drill motor. 


... equal dependability for your product 


One of the recent Lamb Electric developments is a motor to drive 
submerged pumps on military aircraft—for transfer of fuel from 
reserve to engine tanks. 

For such an important application, motor reliability far beyond 
that normally called for was needed. To insure this degree of reli- 
ability in its actual operation of driving the submerged pump, test 
requirements for the motor were exceptionally rigorous. 

As the result of advanced engineering and design, greatly increased 
brush life, and ability to operate at extremely high temperatures and 
withstand severe shock tests, the motor passed gruelling tests with 
flying colors. 

The skill and experience exemplified here is available to your com- 
pany to provide dependable power for your new or redesigned 
products. 


THE LAMB ELECTRIC COMPANY + KENT, OHIO tear annette 


A Division of American Machine and Metals, Inc. slow-speed drive. 
In Canada: Lamb Electric— Division of Sangamo Company Ltd.—Leaside, Ontario 


If you are interested 
Ly in any of the above 
motors write and we 
shall be glad to send 
SPECIAL APPLICATION full information. 
FRACTIONAL HORSEPOWER MOTORS " 
Sal 
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THREE KLEIN PLIERS 


to make electrical wiring easier 


Here are three newly engineered 
Klein Pliers which will solve diffi- 
cult problems in the wiring of elec- 
tronic assemblies. Catalog 101-A 
illustrates and describes these 
and twenty other new pliers in the 
Klein line. If you wire electronic 
assemblies, write for a copy. 


VA 


ia 3) Mathias KLEIN 
VM +) 


ALL-PURPOSE ELECTRONIC PLIER 
Patent pending 

Shear blade cuts flush and holds 

clipped end of wire 

Requires no sharpening; will cut hard 

or soft wire. Smooth, continuous ac- 

tion prevents shock which may damage 

resistors. For bare wire up to 18 gauge. 

No. 260-6—length 6%” 

No. 260-6C—with coil spring that 

holds jaws open 


NEEDLE-NOSE PLIER Patent pending 

Similar to No. 260-6 but nose has been slimmed down ta 
permit use in confined areas. 

No. 261-6—length 6%” 

No. 261-6C—with coil spring to hold jaws open 


LONG-NOSE PLIER—KNIFE AT TIP Pot. No. 2,848,724 
Jaws behind blade hold clipped wire end firmly 

A shear-cutting plier that will cut hard or soft wire. Blade 
is at the tip of the plier. Supplied with 

coil spring to keep jaws apart. 

No. 208-6PC—length 6%” 


& Sons 
Chicago,IL, U.S.A) 


woes 1200 MCCORMICK ROAD + CHICAGO 45, ILLINOIS 


JANUARY 195° 
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KL—A VERSATILE, RELIABLE, LOW COST P&B RELAY 
for communications and automation 





ECONOMY and versatility distinguish our KL KL ENGINEERING DATA 

series relays. Contact arrangements are available GENERAL: Breakdown Voltage: 500 volt rms, 60 cycle between 
up to 4 pdt in either AC or DC versions. Sensitivity . — = pole relay; 1500 volts rms, 60 cycle 
of 100 milliwatts per movable arm is available. Temperature Range: —45°C. to +85°C. 

Stationary contacts and terminals are mounted 
on a phenolic front of high dielectric strength, thus 
adding to the utility of the relay. Conveniently 
located terminals and easy-to-mount base greatly 
simplify installation on long production runs. 

KL relays may be hermetically sealed or fur- 
nished in metal dust covers. 

This is one of a “family” of fine P&B relays. 
Others, with similar configurations but various 
electrical and switching capacities, are shown below. 
Write or call for more information or see the com- 
plete P&B catalog in Sweet’s Product Design File. 





Pull-In: Approx. 75% of nominal de voltage. 
Approx. 78% of nominal ac voltage. 
Terminals: Pierced solder lugs for two #20 AWG wires. 


£.0K a Enclosures: Metal can 25%” high x 2%” long x 2')” wide 
if EMAX. with octal plug or multiple solder header. 








OR 4 POLE RELAYS 


i 


p> —— 2a 

CONTACTS: Arrangements: up to 4 pdt. 
Material: Ys" dia. gold-flashed silver, (Others available.) 
Load: 5 amps (@ 115 volts, 60 cycle resistive loads. 


COILS: Resistance: 60,500 ohms max. 
Power: 100 milliwatts per movable arm 


MAX ——— 
ty 
MTG. HOLES 


23 
32 
o 


TAPPED 6-32 


Duty: Continuous; coils will withstand 6 watts (@ 25°C 
Voltages: up to 110 volts de. 
up to 230 volts ac. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


-— 


KR SERIES: SMALL, 5 AMP RELAY KCP SERIES: SENSITIVE 3 PDT RELAY KT SERIES: ANTENNA RELAY KA SERIES: GENERAL PURPOSE 


Ruggedly constructed for long life and depend- For plate circuit applications requiring low Insulated to minimize RF losses. Designed to Compact, light-duty relay. U/L approved 
-ability. Available up to 3 pdt cost, sensitive relay. Polyethylene dust cover switch 500 watts RF input to 300 ohm line Meets 1500 volts rms breakdown requirement. 


i) POTTER & BRUMEIELD ING. 


PRINCETON, INDIANA « SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 








PRODUCT-DESIGN BRIEFS FROM DUREZ 


Canopy retards fire 


Good product ideas seem to work almost 
anywhere. 

Take, for example, this plastic gas- 
station canopy. So far as we can tell, the 
idea of cool, light-diffusing canopies over 
the gas pumps started in the South, where 
it would seem to be a natural. 

However, the canopy you see here is 
in Canada. It does most of its work in 
winter, when it may have to hold up the 
weight of five feet of snow and ice. 

The marketing strategy is sound. A mo- 
torist doesn’t mind so much getting out 
of his car in bad weather when he’s pro- 
tected overhead; and the attendant, too, 
is likelier to provide that extra bit of 
service. 

Ihere’s something else that’s different 
about this canopy. It doesn’t support com- 
bustion, because it’s made with Hetron 
self-extinguishing polyester resin. A fire 
Starting at a pump won't spread along the 
canopy to other pumps or to the station 
building. 


If it weren't for self-snuffing Hetron, 
there’d be few places where a good idea 
like this could operate. Fire retardance is 
chemically locked into the resin, not 
added later at the expense of strength 
The resulting combination of structural 
properties gives you something unique on 
which to base your new-product ideas 

If you'd like to know more about Het 
ron resins, let us send you the complete 
technical data file, together with names 
of leading fabricators in this country and 
Canada who can make /L_-listed panels 
and custom-molded shapes for you. 


Less dough 
for this “bread” 


Needed: a dimensionally stable material 
for the “bread” in this sandwich-like mul- 
tiple switch assembly (above right) 

Why dimensionally stable? Because 
each of the seven “slices” in the sandwich 
has 187 holes that must line up with 
matching holes in the other plates 

What low-cost insulating material 
would hold alignment without risk of 
moisture absorption and warping? Could 
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e® A plastic for potentially hazardous locations 


@ Material for a non-warping switch 


® More design freedom in metal castings 


holes be molded, rather than drilled, to 
the required accuracy? Would this save 
money? 

[he material recommended by the cus- 
tom molder was a fast-curing Durez com- 
pound with good moldability and excel- 
lent dimensional stability. This material 
does everything the designers want it to 
do. Its exceptionally good mold release 
facilitates the low-cost molding of holes. 
In addition, numbers and letters which 
were formerly silk-screened on the plates 
are now molded-in for extra savings 


Result: a smooth-functioning, non-warp- 
ing switch, produced with the utmost econ- 
omy. It’s just one more proof of the wide, 
wide spectrum of design requirements you 
can meet at low cost with Durez phenolics 
(and often only with phenolics). Want 
more information on these versatile mold- 
ing compounds? Just check the coupon 
for a bulletin on Durez materials. 


Castings = can do 


Don't back off from a complex metal 
shape just because “it can’t be done.” 

Instead, talk to your foundryman. He 
may have a surprise up his sleeve—shell 
molding. It saved the day for the alumi- 
num-alloy gearbox cover, below. 

Designers wanted as many heat-dissi- 
pating fins as possible; they compromised 
on 40. Even so, fins tore when the piece 
was poured in sand. Three men could 
produce only 20 good castings a day. 

A switch to shell molding has made 
the casting economically feasible. Three 
men now turn out 70 per day. Dimensions 
are much more consistent from one cast- 
ing to the next. As a bonus, engineers 
found they could squeeze two more fins 
into the design to get higher efficiency than 
they first believed possible. 

What about cost? Shell-molded castings 
sometimes cost more per pound than reg 
ular castings. But they often save you far 
more than the difference—by reducing 
machining and _ finishing time and by 
speeding assembly. 

Like to know how these better castings 
are made with the help of Durez foundry 
resins? We'll gladly send you the new 36 
page “Durez Guide to Shell Molding” if 
you check the coupon below. 





For more information on the Durez materials mentioned above, check here 
Hetron fire-retardant polyester resins (SOA) 
General bulletin on Durez materials (Bulletin 400) 
“Durez Guide to Shell Molding” (36-page bulletin) 


Clip and mail to us with your name, title, company address. (When requesting 


samples, please use business letterhead.) 


PLASTICS DIVISION 


HOOKER CHEMICAL CORPORATION 


1301 Walck Road, North Tonawanda, N. Y. 
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| ERY 
for 
AIRCRAFT 
and ELECTRONIC 
INSTRUMENTS 


for VIBRATION 
RESISTANCE 
and MOISTURE- 
PROOF applications 


for GENERAL 
CIRCUITRY and 
QUICK DISCONNECT 
in more rugged 
applications 


UNIT-PLUG-IN 
applications... 


for AUDIO 
and LOW LEVEL 
circuits 


for RADIO and 
SUB-MINIATURE 
applications 


for HERMETICALLY 
SEALED 
applications 


for HIGH 
TEMPERATURE 
and firewall 
applications 


Send for AR Con 
densed Catalog con 
taining illustrations 
and technical infor- 
mation on all prin 
pal series of con 
nectors in the exten 
sive Cannon Line 


connect with 
GAWD 


TYPICAL DESIGNS 
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for better electrical 


and electronic equipment 


MS, MS-A, MS-B, MS-C ... Conforming to Specification MIL- 
C-5015C. 15 insert diameters and 260 contact layouts. 6 shell 
styles, MS3100 to MS3108 with all accessories. Also (MS) F 


MS-E SERIES... environment resisting. Meets Specification MIL-C-5015C. 
Resilient inserts. Integral cable clamp. New grounding lugs. Interfacial 


sealing, improved grommet and new grommet follower 


K, RK SERIES... SPECIAL ACME THREAD. The All-Purpose 
Series. Conduit and cable clamp entry types. 1 to 82 contacts 
in 213 different contact layouts. 10-, 15-, 30-, 40-, 60-, 80-, 115-, 
and 200-amp. silver-plated contacts. High quality phenolic, 
melamine, and formica insulators. Cadmium-plated aluminum 
alloy shells. 


DP, DPB, DPD, DPD2, DPD2R, DPJ, AND DPS SERIES... Rack/panel/ 
chassis. With and without shells; coaxial and high voltage contacts. Permit 
quick disconnect, interchange, replacement, testing and inspection of as- 
semblies and sub-assemblies. 


P, XLR, XL, XK, O, UA, BRS SERIES... many shell styles and insert layouts. 
Straight and angle 90° plugs. Latch-lock types. Wall-mounting, panel, lock- 
nut mounting, and adapter receptacles, single- and two-gang. 10- to 30-amp. 


) 


contacts, coaxials. UA Series features 3 gold-plated contacts. 


D, MC, DPA, DPX, AND K MINIATURES... miniatures and 
sub-miniatures designed for amplifiers, miniature indicators, 

computer circuits, telemetering equipment, small pre-amps, 

and general instrumentation where space is limited and cur- 

rent requirements are generally not over 5 amperes. Variety of shell styles, 
junction shell, and insert arrangements. 3 to 50 contacts, plus coaxials. 


GS (MS TYPE), KH, RKH, DAH, BFH, TBFH, DBH, KH30...with steel 
shells and contacts to withstand high pressures from within or without. 
Insulation is a glass material, fused under high temperature to shell and 
contacts, thus forming a hermetic seal. 


MS-K, MS-“FW,”" AND CANNON K-“FW” STEEL SHELL CONNECTORS... 
Open flame protection offered in the greatest variety of this type of con- 
nector. Wall- or box-mounting receptacles. Straight or angle 90° plugs. 
Crimp-type contacts. Inserts of glass-filled materials. 


Cannon Exectric Company, 3208 Humboldt St., Los Angeles 31, Califor- 
nia. Factories in Los Angeles, Salem, Mass., Toronto, Can., London, Eng., 
Melbourne, Austl. Manufacturing licensees Paris, Tokyo. Representatives 


and distributors in all principal cities. Please refer to this Magazine 


or to Dept 500 
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DISTRIBUTORS 


Earl B. Beach Co., Pittsburgh, Pa 
Phila. (Clifton Heights) Po 
Brooks Electrical Supply Co., Inc., Baltimore, Md 
John H. Cole Company, Oklahoma City, Okla. 
Electrical Insulation Sales Co., Rutherford, N. J 
Electrical Insulation Suppliers, Inc., Atlanta, Go 
Electric Motor Supply Company, Denver, Colo 
Hanna & Ferguson, Rochester, N. Y 
Hippler Sales Company, Webster Groves, Mo 
Insulation Manufacturers Corp. 
Chicago, III. Cleveland, O 
Dayton, O Milwaukee, Wis 
Detroit, Mich Pittsburgh, Po 
J. F. Kerrigan & Co., Hamden, Conn. 
C. D. LaMoree, Los Angeles & Berkeley, Colif 
Punt, Inc., Floral Park, N. Y 
C. E. Riggs, Inc., Portland, Ore., Seattle, Wash 
J. P. Scanlon, Rochester, N. Y. 
Summers Electric Co., Inc., Dallas, Houston, 
San Antonio, Austin, Texas 
White Supply Company, St. Louis, Mo. 
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Export Agent: Lionel-Essex International Corp., New York, N.Y ig 


lamination of selected electrical 
materials thoroughly bonded in 
dup}éx or triplex combinations. Typical of 
many Varslot materials available, for 
xample, is Mylar* laminated to 100% 
rag paper. Such Varslot combinations are 
supplied in rolls or sheets and in a wide 
range of thicknesses to meet almost un- 
limited specific applications. Varslot char- 
acteristics include flexibility, toughness, 
high dielectric strength and good resistance 
to deterioration under heat. Combinations 
utilizing other electrical insulating papers 
or varnish-coated Fiberglas* with Mylar 
are also available. 


New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 


WOODBRIDGE, N. J. 


“VARSLOT" Combination Slot Insulation: —— 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 
Rag Paper and “‘Mylar'’* Polyester Film 
Asbestos Paper and ‘Mylar''* Polyester Film 
Kroft Paper and ‘‘Mylgr''* Polyester Film 
Vartex Varnished “‘Fiberglas"* and 
“Mylar’’* Polyester Film 

Special combinations available upon request 


Varnished Cambric Cloth and Tapes 

Varnished “‘Fiberglas''* Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes ond Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

“VARSIL" Silicone Varnished “Fiberglas'’* 
Cloth and Tapes 


*Mylor, DuPont's registered trademark *Fiberglos, Owens-Corning Fiberglos registered tradcmork 
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ESCO alternator powers 
new ultra-compact high-performance radar 


Based on an entirely new concept in radar design, this Raytheon 
“Mariners Pathfinder” radar is compact enough for use on the 
most modest pleasure cruiser, yet big enough in performance for 
the largest commercial vessels. Utilizing just two, simple units, it 
provides clear, steady displays up to 16 miles range. Rugged and 
reliable, it’s real sea-going equipment, built to operate in slashing 
northeasters, arctic ice and the heat and humidity of tropic seas. 
To provide a source of dependable, stable power for the “Mariners 
Pathfinder”, Raytheon chose a specially-designed ESCO motor- 
alternator. Operating from a 32V, 110V or 220V DC ship’s 
supply, this built-to-order inverter delivers a 115V 60-cycle AC 
output, regulated to = 3V and =0.6 cycles over a 20% variation 
in input voltage. It’s designed for a minimum of 10,000 hours 
trouble-free operation under extremely wide variations in tempera- 
ture, humidity, and pitch and roll conditions. 

Building special rotating electrical equipment to meet individual 
requirements has been a specialty at ESCO for almost half a 
century. Why not call on ESCO for the ideal generator or motor 
for your equipment, too? Write for design brochure today. 


ELECTRIC SPECIALTY CO. 


171 South Street, Stamford, Conn. Z. 


ai 
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TIMING ACCURACY 


AT A MOST 


NEW TRANSISTORIZED 





If you’ve been cost-stymied in your shopping for an 
accurate, thoroughly reliable time-delay relay, have 
a look at Heinemann’s new Trans-O-Netic*. Re- 
markably low priced for its class, it offers repeata- 
bility of better than +5% of the set delay over an 
operating range of 0.5 to 30 seconds. Reset is in- 


stantaneous; S.P.D.T. switching is extremely fast and 


HEINEMANN ELECTRIC COMPANY <> 


*Trans-O-Netic is a trade name of the Heinemann Electric Company 


AND REPEATABILITY 


PRACTICAL COST: 


TIME-DELAY RELAY 


decisive. Temperature effects on time delay are 
negligible. Manufactured in knob-set or screwdriver- 
set models, the Trans-O-Netic Relay comes to you all 
wrapped up in a phenolic housing compact enough 
to fit neatly in the palm of your hand. Sound inter- 


esting? Then send today for Bulletin 5300; it 


gives the essential details and specifications. 


99 PLUM ST., TRENTON 2, N.J. 


S.A. 1656 
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When You Need Reliable Control 


Pod Mm lakiztanstisi—sah med cla - bile la tree 


(Qid ...'0 
NTACT ort 
 * 1Sv. SO¥@0 CY 
} EAMBARL We. - LOAD 
SO amp . 115¥. 66 CY 
20 AMP. - 230¥. 60 CY. 
THE ADAMS & WESTLAKE CO 








Set up your requirements for the perfect relay to 

“police” a particular job—and beyond doubt you'll 

find yourself with this list of Adlake features: 

e Perfect snap-action—no burning, pitting or sticking 
you need @ No intrusion of dust, dirt or moisture—hermeti- 


cally sealed at the factory 


e@ Time delay characteristics fixed and non-adjust- 
able 


e Quiet. Chatterless. Require no maintenance what- 
et | | ever 

Our engineers will gladly help you with your control 

problems. No obligation. Just write the original and 

largest maker of plunger-type relays—The Adams & 

Westlake Company, 1168 N. Michigan, Elkhart, 


relays Indiana + New York « Chicago 


the Adams & Westlake company 


new yorK ELKHART, INDIANA cnicaco 
Established 1857 


THE ADAMS & WESTLAKE CO 
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How can you ue SPRING-LOCK? 
THE FASTENER WITH USES UNLIMITED 





As a standard removable 
fastener or a blind rivet 


A quarter-turn locks, un- 
locks. Load-carrying steel 
arms lock securely, don’t 
loosen under vibration. 
One-piece (no receptacle) 
simplifies blind fastening. 





As a cabinet door strike 


Millions in use on kitchen 
cabinets, automatic dish- 
washers, etc. Standard 
strikes available from 
stock, or custom designed 
for special contour re- 
quirements. 








“ 


As a roller axle 


Now used on range draw- 
ers, kitchen cabinets, file 
cabinets, desks. Cuts in- 
stallation costs, saves 
time. Designed to suit. 
Available with or without 
roller. 





‘ainsi 


As a plastic shelf support 


... With the heart of steel 
for extra strength. Mil- 
lions now used by all 
major refrigerator man- 
ufacturers. Complete flex- 
ibility of head design. 





/ 
$ ; 
: Bike 


As cup hooks 





High-strength polysty- 
rene or chrome-plated die 
cast zinc. Inexpensive, 
sturdy and good-looking. 
Simply and quickly in- 
stalled with a twist of the 
wrist. 





What is your application for 


SPRING-LOCK? 


Send us your application in- 
quiries. Our engineers will 
answer you specifically and 
promptly. Or, write today forthe 
Simmons Catalog. SPRING-LOCK 
samples are available upon 
request. 


See our 8 page Catalog in Sweet's Product Design File 


S i Mw NiO Ni S FASTENER CORPORATION 


1752 North Broadway, Albany 1, New York 


QUICK-LOCK SPRING-LOCK ° ROTO-LOCK LINK-LOCK ODUAL-LOCK 
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Tung-Sol moves ahead! 





EFligh power transistors 
with new cold-weld seal 


Improved cold-weld seal 


gives new Tung-Sol 





high-power transistors 


three-way quality boost 


@ True hermetic, copper-to- 
copper seal improves transistor 
thermal characteristics. 


@ Elimination of heat-damage, 
heat-caused moisture and “‘splash”’ 
increase reliability. 


@ Vacuum-tight, moisture-proof 
cold-weld seal lasts even through 
“‘breathing”’ over long life operation. 


Once again Tung-Sol shows the way. Now, for the 
first time, Tung-Sol brings designers high-power 
germanium transistors with quality benefits of the 
advanced cold-weld seal. 

The new Tung-Sol types feature a stud-mounted 
package and maximum collector current of 13 
amps. Military environmental tests combine with 
the radioactive gas leak detection test to assure 
maximum reliability. 
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Photomicrograph (45X) shows circled area 
of cross section of Tung-Sol high-pqwer 
germanium transistor cold-weld seal. Note 
absence of seam, indicating actual integra- 
tion of copper molecules and a true, her- 


metic, copper-to-copper seal 


Technological advancements such as this keep 
Tung-Sol ahead of the field. For full data on the 
new high-power switching transistors . . . to meet 
any need with the latest in transistor design and 
efficiency, contact: Semiconductor Division, 
Tung-Sol Electric Inc., Newark 4, New Jersey. 
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Quality, value and adaptability \ 


10 + Coed, / Maou... 


Leading manufacturers* of office machines, vending machines, industrial controls 
and other mechanical and electrical apparatus have chosen Merkle-Korff because of: 


. - 
SG-25—Torque range 1.2 to 
30 in. Ibs. at 300 to 1 RPM. 
Durable, best suited for con- 
tinuous lengthy duty. Availa- 
ble in any mounting position. 
Horizontal mounting shown. 


TUE IIL Aven er-Te-Tanc-i-1e Mm o’am ol e-Yorr-tTelabaate)e) of-Ye ME al-y-lenda-t-)(-te Mel-y-1a- 
with tolerances in the order of ten-thousandths of an inch. 


WE-VIVE-rme-ail-ron (lave manr-larene-Londelatavem (-roualal(e|0(-s-m-lalemel-X-11¢ fam elaiaret o)(-s-5 


Adaptability, the result of variable assembly of standard components. 


“Names on request. 


Mode! 300, Auxiliary— Torque 
range 25 to 300 in. Ibs. at 10 to 
Y% RPM. Extra heavy gearing 
with great compactness. 


Tandem Reversible—A dou- 
ble stator, 3-lead motor. Has 
greater torque than wound 
shading coil reversing type. 


Synchronous Motor—Recom- 
mended for use with SG-15 gear 
case which provides widest range 
of speeds. For instruments re- 
quiring clock time. 





i 
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SG-15—Torque range .4 to 
15 in. Ibs. at 800 to 1 RPM. 
Widest range of shaft speeds 
with maximumiinitialeconomy. 
Available in any mounting po- 
sition; vertical base type 


Closed Model, Auxiliary— 
Torque range 25 to 150 in. Ibs. 
at 10 to % RPM. Heavy en- 
closed gears for applications 
which require minimum atten- 
tion. 


Wound Shading Coil Revers- 
ible—For specialized control 
problems in instrumentation 
requiring less torque than tan- 
dem reversible models. 


= 


Turntable Modei 600—Offers dis- 
play manufacturers wide anima- 
tion possibilities, secondary mo- 
tion. Capacities to 500 Ibs. for sur- 
face mounting; 30 Ibs. for sus- 
pended mounting; 50 Ibs. for ver- 
tical disc display. 


i 





SG-10—Torque range .6 to 
10 in Ibs. at 600 to 1 RPM. 
Compact, overcomes space 
limitations. Gives long, trou- 
ble-free service. Horizontal or 
vertical mounting surface. 


Listed torques and speeds are only suggestive of 


what can be furnished. 


rt an, 


FOR THIS INFORMATIVE LITERATURE 


Open Model, Auxiliary — 
Torque range 25 to 100 in. Ibs. 
at 10 to 2% RPM. Especially 
suited for use where substan- 
tial torque at low speeds and 
moderate cost are essential. 


~~ 
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¥ 
Series or Shunt Wound Motor 
—Series universal wound, 
brush type for use on AC or 
DC, or shunt wound DC only. 


4 
’ 


Transmission Units, Models 
PF950 & PF975—High efficiency 
gear reducers. Lowest cost. 
Standardized design. 222-1 gear 
ratio. Input 1725 RPM, output 8 
RPM. , & % HP input and 150 & 
225 ft. Ibs. torque output. 


Form No. 5—General condensed eight page catalog on FHP geared motors 


and auxiliaries, showing dimensions and performance. 


Bulletin No. 1325—Distributors' stock unit. Complete data on popular Model 
SG-15. Distributed nationally. 


Bulletin No. 2050—Twenty-four page catalog illustrating ‘20 Ways to Build 
Display Action" with Merkle-Korff Motiondiser turntables. 


am / = 


211 NORTH MORGAN STREET > 


Bulletin No. 1210B—Data on six popular Merkle-Korff Motiondiser turntables 
showing various capacities and mounting positions. 


Representatives in Principal Cities 


MERKLE-KORFF Gear company 


Circle 141 on page 17 


CHICAGO 7, ILLINOIS 

















How THE SULIGOW SS WIZ meppep... 


MAKE THE TAPE THAT FORMS A PERFECT SKIN 


W rap a fully cured tape of this new silicone rubber 
around a cable ... in a short time it fuses into a 
homogeneous mass! Press a molded or extruded 
piece of this rubber into position and it will stay 
firmly in place. From research at UNION CARBIDE, 
the Silicones Man brings you the world’s first fusible, 
silicone rubber. 

This new product has all the properties usually 
associated with premium silicone rubber . . . out- 
standing high temperature performance, good elec- 
trical and oil resistance, excellent reversion resist- 
ance among them. You can well imagine the many 
applications in electronics gear, high temperature 


Uniocking the secrets of silicones 


Rubber, Monomers, Resins, Oils and Emulsions 


The term “Union Carbide” is a registered trade-mark of UCC. 


locations... how assembly work will be speeded by 
“press-in-place” construction. Here is another exam- 
ple of how the specialized knowledge of the Silicones 
Man has helped solve an “impossible” problem. 

Write for data on “Fusible Silicone Rubber” or 
any of the many other silicones products available 
through the Silicones Man. Address Dept. AJ-9706, 
Silicones Division, Union Carbide Corporation, 30 
East 42nd Street, New York 17, N. Y. (In Canada: 
Bakelite Company, Division of Union Carbide Can- 
ada Limited, Toronto 7, Ontario) 


Oi Site). 
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TRADE-MARK 


SILICONES 
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NEW MODEL 122A 


Here at last is a 200 KC oscilloscope—priced at just 
$625—giving you “big-scope” versatility and the 
time-saving convenience of simultaneous two-phe- 
nomena presentation. 


Engineered to speed industrial, mechanical, medical 
and geophysical measurements in the 200 KC range, 
the new @ 122A has two identical vertical ampli- 
fiers and a vertical function selector. 


The amplifiers may be operated independently, dif- 
ferentially on all ranges, alternately on successive 
sweeps, or chopped at a 40 KC rate. 


Other significant features include universal opti- 
mum automatic triggering, high maximum sensi- 
tivity of 10 mv/cm, 15 calibrated sweeps with ver- 
nier, sweep accuracy of +5% and a “times-5” ex- 
pansion giving maximum speed of | psec/cm on the 
5 psec/cm range. Trace normally runs free, syncing 
automatically on 0.5 cm vertical deflection, but a 
knob adjustment eliminates free-run and sets trig- 
ger level as desired between —10 and +10 volts. 
Rack or cabinet mount; rack mount model only 7” 
high. 


For complete details, write or call your ® repre- 
sentative, or write direct. 


HEWLETT-PACKARD COMPANY 
5140M PAGE MILL ROAD © PALO ALTO, CALIFORNIA, U.S.A. 
CABLE '‘HEWPACK'' © DAVENPORT 5-4451 
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 


1 LAST! 


4 Precision 200 KC 
T=" Scope with Dual Trace 


Presentation ! 








BRIEF SPECIFICATIONS (4 122A 


Sweep: 15 calibrated sweeps, 1-2-5 sequence, 5 Msec/ 
cm to 0.2 sec/em, accuracy 5%. ‘'Times-5'' expand- 
er, all ranges. Vernier extends 0.2 sec/cm range to 
0.5 sec/cm 

Trigger selector: Internal + or —, external or line. 
Triggers automatically on 0.5 cm internal or 2.5 v 
peak external. Displays base line in absence of signal. 
Trigger level selection —10 to +10 v available when 
automatic trigger defeated 


Vertical Amplifiers: Identical A and B amplifiers, 4 
calibrated sensitivities of 10 mv/cm, 100 mv/cm, 1 
v/cm and 10 v/cem; +5% accuracy. Vernier 10 to 1. 
Balanced (differential) input available on all input 
ranges. With dual trace, balanced input on 10 mv/cm 
range. Input impedance 1 megohm with less than 60 
BF shunt. Bandwidth DC to 200 KC or 2 cps to 200 KC 
when AC coupled. Internal amplitude calibrator pro- 
vided. 


Function Selector: A only, B only, B-A, Alternate and 
Chopped (at approx. 40 KC) 

Horizontal Amplifier: 3 calibrated sensitivities, 0.1 
vicm, 1 v/em, 10 v/em. Accuracy +5%. Vernier 
10 to 1 

Bandwidth DC to 200 KC or 2 cps to 200 KC, AC 
coupled. 

General: 5AQP1 CRT, intensity modulation terminals 
at rear, power input approximately 150 watts, all OC 


power supplies regulated 


Price: (Cabinet or rack mount) $625.00. 


Data subject to change without notice. Prices f.o.b. factory. 


mm 





now offers 8 different precision scopes 
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Specific Electrical Resistance—Ohms/cir. mil ft 


600 800 1000 200 


Temperature—Degrees Fahrenheit 


resistance W-i-):\ 12°) miclameielahine)ii-e— 


precision control of electrical resistance...that lets you design-in lower production costs 


Before you specify a resistance alloy for any application, check 

these characteristics of low-cost Carpenter 1-]R against your needs. 

No. 1-JR is a chrome-aluminum-iron alloy with high electrical resistance. 

It is available in two types, both ideal where a high specific resistance and 
low temperature coefficient of resistance are required. ( Resistivities at 

room temperature, 720 and 680 ohms per cir. mil. ft. respectively. ) 
Carpenter 1-]R is less expensive than other resistance alloys offering 
comparable performance. In addition, it is easy to fabricate. Strip blanks 
cleanly, can be spot welded, or edge wound. Bar stock can be readily forged. 
This alloy also offers good scale resistance. 

Order strip, wire or bars through the Carpenter representative who serves 
your company—or write directly to the mill, outlining your requirements. 

Be sure to ask for a copy of the new 64-page technical summary on 
Carpenter's advanced family of electronic, magnetic and electrical alloys. 
The Carpenter Steel Company, 115 W. Bern St., Reading, Pa. 


[arpen ter 


The Carpenter Stee! Company 

Vain Office and Mills, Reading, Pa. 

Alloy Tube Division, Union, N. J 

Webb Wire Division, New Brunswick, N. J 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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Cost Savings 
Higher Reliability 
your job... 


and Centzalab’s 


ACTUAL 
a a 


TYPICAL MODEL 5 


250K & 35% 1 Meg*#35% 


° ariable 9 fixed ingl 
Model 5 Radiohm® | esti plate messuring 214°x %'x 3/21" including 
kno proportionally smaller when fewer variable 





1/4 watt multiple miniature resistors are required. 


s i ECONOMY: Installed cost is considerably lower than larger 
variable resistor | Daa tie sieuterd and Ss Gana medal Madetaeaiae 
(Component Density=16.2 per cu. in.)* _ savings result from reduced production assembly costs, 


_ RELIABILITY: Steatite bonded resistance elements assure high 
stability and noise-free operation. Conservative ratings 
provide an extra margin of safety under maximum load 
VERSATILITY: The Model 5 Radiohm® is available with one 
to four variable resistors, with horizontal or vertical 
mounting brackets, plug-in terminals for printed circuit 
boards or wire leads for metal chassis. 
SUPERIOR KNOB CONSTRUCTION: Unusual design permits 
adjustment with internal or external hexagon wrench, 
screwdriver, or by fingertip. 
SPECIFICATIONS: 
Resistance Range: 1000 ohms to 5 megohms, linear taper. 
Wattage Rating: 4 watt at 70° C. ambient. 
Breakdown Voltage: 1250 Volts RMS, between adjacent 
sections and to bracket. 
End Resistance: Less than 1% of total. 
Rotational Life: Less than 5% resistance change after 
250 rotations. 





nitial T: e: 2 i nces average. 
* Cubic inch, rather than cubic foot, is used . argue: ¢ inch om es 


to provide a morerealisticand more readily Write for Centralab Bulletin EP-539 giving full specifications 
visualized standard of comparison. on the Model 5 Radiohm® series 


A DIVISION OF GLOBE-UNION INC. 
ae 962A EAST KEEFE AVE.+ MILWAUKEE 1, WIS. 
In Canada: 804 Mt. Pleasant Rd., Toronto 12, Ont. 
® 
VARIABLE RESISTORS e« ELECTRONIC SWITCHES e¢ CERAMIC CAPACITORS ¢ PACKAGED ELECTRONIC CIRCUITS « ENGINEERED CERAMICS 
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STAINLESS STEEL CAPSTAN 
WITH RUBBER VULCANIZED 


ON HUB 


NYLON 


/ / 4 
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/ 
SPRING RETAINER (2 REQ'D) 














SPECIAL ROBBINS 


SPECIFICATIONS 


Reluctance synchronous motor, 1/20 HP, 60 cycle, 3 phase, 
208 volts = 8%, 1200 RPM .. . Rotor dynamically balanced 
to commercial specifications . . . Shaft is shown in position 
when motor is stopped . . . When motor is running at syn- 
chronous speed, a minimum axial force of 350 grams is 
required with spring in place before displacement occurs . . 

When rotor is in its retracted position and power is applied, 
the minimum axial force developed with spring in place is 
100 grams . . . When power is cut off, the spring retracts the 
rotor with minimum 50 gram force while rotor is rotating. 


Robbins & Myers 
builds motors fro? 


1/200 to 
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& MYERS 


accomplish unique 
in IBM'S 727 magnetic tape unit! 


n 


SHAFT 
ROTATES 
AND 
MOVES 
AXIALLY 
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Two of these special R&M motors are 
used in each of IBM’s 727 Magnetic 
Tape Units. They answer IBM’s need 
for a tape unit drive motor with a re- 
tractable capstan. The rotating shaft 
moves axially when the motor is started 
or stopped. 

A spring holds the rotor, shaft and 
capstan in retracted position when the 
motor is stopped. When started, as the 
motor attains synchronous speed, axial 
force created as the rotor centers itself 
in the field becomes sufficient to over- 
come spring resistance. The capstan 
moves into engaged position and sends 
the tape reels rolling. Another capstan 
on the opposite end of the shaft (at 


ROBBING 


rT 











right in drawing) actuates two micro- 
switches as the rotor returns to retracted 
position when motor is stopped. 

Four additional R&M fractional 
horsepower motors perform other high- 
speed power tasks within the tape units 
—driving reels, rewinding, unloading 
tape and retracting guide mechanisms. 

R&M motors meet strict IBM engi- 
neering requirements: precise adapta- 
bility to special functions, capacity for 
lightning starts and stops, and absolute 
dependability. R&M can also design 
and build motors of highest quality 
designed to your exact specifications. 
For reliable fractional power, contact 
Robbins & Myers! 
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Industrial Laminates 
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from the company that really knows the electrical 
and electronics industry — General Electric 


‘ 
ei, 
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Photo of 729 Model Ill Tape Drive Unit (part of 705 Model Ill Data Processing System) courtesy of International Business Machines Corp. 


Textolite’ Grade 11574 exceeds every NEMA XXXP requirement... 


Self-extinguishing epoxy paper laminate 
for high-reliability computer circuits 





General Electric Textolite Grade 11574 will not 
support combustion . . . has unsurpassed 
punchability at room temperatures 


Textolite Grade 11574 was specifically designed for 
computer applications where very high reliability is 
demanded. Its superior electrical and mechanical 
properties easily outperform NEMA standards with- 
out the high cost and difficult fabrication problems 
of glass-based laminates. Some of the outstanding 
properties of Grade 11574 include: 


e Self-extinguishing—flame dies within 1 second. 


e Cold punches best—pierced and blanked holes are 
cleaner, more precise than any laminate tested in 
G-E laboratories. 

e Cyanide resistant—maximum reliability in all etch- 
ing and plating processes. 


e High insulation resistance— 1,000,000 megohms IR 
after 96 hours at 90% humidity and 35°C. 


e High flexural strength—over 26,000 psi, twice the 
NEMA standard for XX XP grades. 
Consult Sweet’s Product Design File, Cat. 2b Gen, 
for technical data on the complete line of Textolite 
laminates. Or for additional information—or expert 
help with special problems—call or write: Technical 
Service, Laminated Products Department, Section 
EM-91. General Electric Company, Coshocton, Ohio. 


Textolite 


INDUSTRIAL LAMINATES 


GENERAL @@ ELECTRIC 
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Ey MICR 0 SWITCH Precision Switches 


With new ease of installation, improved insulation 
and sealing, heavier wal/ sections without change 
of envelope dimensions, these new switches are 
interchangeable with our ‘“‘E” and “‘V” designs. 


Available in six integral actuator designs to meet most pre- 
cision switch requirements. All six are available in either 
side mounting (E6) or bottom mounting (V6) style. 


New “E6”"” and “V6” 
Enclosed Switches 

available in 
6 actuator designs 

















Plunger actuator for straight, in-line 
operating motion with controlled over- 
travel. Elastomer actuator boot pro- 
tects against dirt and moisture. 


a} 


Roller plunger actuator for slow-rise 
cam or slide motion with controlled 
overtravel. Roller in line with case. 


Roller lever actuator for cam or slide 
motion, adjustable horizontally 
through 360°, vertically through 225°. 


Plunger actuator for straight, in-line 
Operating motion with controlled 
overtravel. 


Elastomer actuator boot. 








a 


3.040 


Roller lever actuator for cam or slide 
motion, adjustable horizontally 
through 360°, vertically through 225° 


Roller plunger actuator for cam or 
slide motion with controlled over- 
travel. Roller at 90° angle to case. 


New switch design lets terminal screws project from top portion 
of the housing. Wiring is easy. Gasket and insulator are one-piece, 
cemented to bottom housing... fewer parts, no separate gasket. 
The new elastomer insulator-seal provides better insulation and 
a tighter long-life seal. New housings have thicker walls and 
greater strength, yet have same outside dimensions and same 
mounting holes as ‘‘E”’ and ‘“‘V”’ switches. New hex-shaped (in- 
stead of round) conduit hub greatly facilitates tightening conduit 
connection. Basic switch is replaceable in all cases. 

Send for Catalog 83. 

— o— 
MICRO SWITCH ... FREEPORT, ILL. 
A division of Honeywell 
In Canada: Honeywell Controls, Ltd., 
Toronto 17, Ontario 


ni Honeywell 
mum | MICRO SWITCH PRECISION SWITCHES 
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How Magnets Help Solve 
Your Measurement Problems 


This is a review of how magnets, magnetic devices 
and magnetic phenomena can be used to solve 
certain measurement problems, to improve pro- 
duction efficiency and to cut manufacturing costs. 


Highly accurate and efficient measure- 
ment is an essential part of modern 
manufacturing. Today's mass produc- 
tion techniques require speedy analysis 
of conditions and dimensions of parts 
and materials. Literally hundreds of 
measurement problems are being solved 
effectively with instruments and devices 
that employ magnets. 


ELECTRICAL 
MEASUREMENTS 


Most common of the uses of magnets in 
measurement is in electricity—in such 
devices as ammeters, voltmeters, volt- 
age protectors, KVA meters, power 
factor meters, arc-back indicators, limit 
and flow switches, frequency meters, 
galvanometers and oscillographs. In the 
ammeter there is either a stationary 
coil and a magnet that rotates when a 
current is passed through the coil, or 
a stationary magnet and a moving coil. 
The voltmeter is similar, with a high 
resistance in series with the coil. 

Also similar is the galvanometer, but 
it is much more delicate and sensitive. 
An oscillograph is a special form of 
moving-coil galvanometer. Potentiom- 
eters, which measure small electromo- 
tive forces, consist of a circuit of resist- 
ances and a galvanometer. Frequency 
meters depend on the effect of the 
currents in two shunt circvits on a 
moving coil. One circuit cc.tains in- 
ductance and the other capacitance. 

Magnets in galvanometers and oscil- 
lographs combine with electromagnetic 
waves and electrons to provide integra- 
ted and recorded measurements, often 
remote from the locations of the meas- 
urements. 


LINEAR MEASUREMENTS 


Even the most simple linear measure- 
ments are assisted by magnets — by 
magnetic bases on height gauges, indi- 
cators, dials, roundness gauges, carpen- 
ter levels and magnetic plumb-bob. The 
thickness of a non-magnetic coating on 
iron can be determined by measuring 
the gap between the magnet in a tester 
and the iron object. 

Radar sends out a high-frequency 
electromagnetic wave which is reflected 
back from the target to a receiving 
antenna. Speed of the wave is known, 
so that distance can be determined by 
measuring the time between emission 
and reception of the wave. The heart 
of this instrument is the magnetron 
vacuum tube, which depends on a 
high-intensity, uniform, permanent 
magnet field. Sonar is similar to radar 
except that its energy is in ultrasonic 
waves of 10 to 40 kilocycles. 

Distance is also measured by proxim- 
ity fuses and switches. The fuse de- 
pends on a permanent magnet genera- 
tor for energy. It sends out a signal 
which is reflected by the target to 
actuate a firing mechanism; thus, a 
direct hitis not necessary. Intheswitch, 
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a magnet is attracted to any iron or 
steel that comes near, closing the switch. 

Direction can be measured by the 
aircraft direction indicator, the compass 
and the remote-reading compass trans- 
mitter. All these devices depend on 
magnets. 


AREA MEASUREMENTS 


Applications of magnets in land meas- 
ure are numerous. We have magnetic 
maps, charts and markers, and vast 
areas are surveyed and measured by 
radar and sonar. 

In the future it is likely that televi- 
sion, which uses magnets for focusing, 
ion traps and loudspeakers, will be used 
to measure areas, 


VOLUME 
MEASUREMENTS 


Liquid-level indicators and float 
switches often transmit the motion of 
a float to the indicating mechanism by 
magnetic attraction. In flow meters, 
volume of liquids and gases may be 
measured through a seal by such de- 
vices as a permanent magnet rotor 
turning in a venturi, a rotor in a liquid 
cutting flux lines of a magnet, molten 
metal flowing through a pipe and cut- 
ting magnetic flux, a magnetic clutch 
between a float and a recording mech- 
anism. 


TIME MEASUREMENTS 


Permanent magnets are contributing 
much toward accuracy and ruggedness 
in actuators, clutches and brakes in 
clocks, timers, timing motors and traffic 
signals. 


TEMPERATURE 
MEASUREMENTS 


Magnets are used extensively in pyrom- 
eters, which are thermocouples con- 
nected to galvanometers calibrated in 
degrees. The optical thermometer em- 
ploys a magnetic ammeter and in other 
thermometers magnets indicate the 
maximum or minimum temperature in 
a period. In many thermostats, magnets 
accelerate the contacts to increase 
accuracy and life. 


SPEED MEASUREMENTS 


Two of our best known modern instru- 
ments are the speedometer, based on 
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WORLD'S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 





THE INDIANA STEEL PRODUCTS COMPANY 
VALPARAISO, INDIANA 





eddy currents generated by a rotating 
magnet, and the tachometer, which is 
simply a permanent magnet generator. 
Magnetic couplings are used to connect 
tachometers to such machines as high- 
pressure turbines and other sealed 
equipment. 





NEW MEASUREMENT 
INSTRUMENTS 


There are possibilities for the 
development of new measuring 
instruments, based upon the fol- 
lowing magnetic phenomena: 


1 Magnetostriction effects, such 
as the change in length and vol- 
ume of a rod when magnetized; 
the bending of a magnetized rod; 
the twist in a rod in a magnetic 
field; the change in magnetic in- 
duction of a rod under stress in a 
magnetic field. 


2 The production of character- 
istic sounds and vibrations of 
bodies in a magnetic field; changes 
in period and frequency of vibrat- 
ing bodies in a magnetic field. 


3 Changes in apparent resist- 
ance of conductors introduced 
into a magnetic leld. 


4 Changes in thermal conduc- 
tivity of metals when exposed to a 
magnetic field; changes in perme- 
ability of magnetic materials; 
changes in boiling points and spe- 
cific heats of some substances in a 
magnetic field. 


S The plane of polarization of 
light can be rotated by a magnetic 
field; double refraction of light 
has been observed in several me- 
diums subjected to a magnetic 
field; similar effects occur with 
electromagnetic waves. 


6 Transformations that occur 
in pure metals and alloys are 
affected by magnetic fields. 











The foregoing discussion is condensed 
from an article which appears in “Ap- 
plied Magnetics,” Vol. 2, No. 4. Write 
for your free copy. If you would like 
to explore any of the possibilities dis- 
cussed in the article, Indiana’s engi- 
neering staff will be glad to offer rec- 
ommendations and consultation. 


NEW CATALOG 
AVAILABLE 


Send for your free copy of the new 
“Cast and Sintered Alnico Magnet 
Catalog No. 19,’ which describes and 
lists typical sizes and shapes of these 
two most popular types of magnetic 
materials for experimental use. Also 
shown are permanent and electro-mag- 
netizers and demagnetizers. Address 
Dept. B-1. 


INDIANA 
PERMANENT 
MAGNETS 


IN CANADA: The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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For unequalled 


regulator stability 
RAYTHEON uses Leesona” No. 108 Coil Winders 


Raytheon manufactures the most 
stable regulator on the market today, 
the Magnetic Voltage Regulator, 
whose output at full load is automati- 
cally maintained within + 12% of the 
rated value. To help achieve this 
amazing stability Raytheon winds the 
coils on Leesona No. 108 Coil Winders. 

Realizing the many advantages of 
these machines, Raytheon chose 
Leesona No. 108 Coil Winders to help 
do the job. Accuracy, speed, and eco- 
nomical operation are all-important, 
and Leesona No. 108’s are the most 
productive, most economical hand- 


feed coil winders ever designed. 


Many Unique Features 

Leesona No. 108 is a precision ma- 
chine that adjusts to your coil winding 
needs. Quick set-up no gears, no 
cams to remove. Fingertip control. 
Accommodates wire sizes from No. 20 
to No. 42 and finer. Winds up to 30 

coils at a time. Short or long runs. 
Learn exactly how you can increase 
your coil winding accuracy while cut- 
ting winding costs with a flexible 
Leesona No. 108 Hand-Feed Coil 
Winder. Send in the attached coupon. 
23B.8.3 


[a WINDING COMPANY 


FOR WINDING COILS IN QUANTITY .. . ACCURATELY 


. +. USE LEESONA WINDING MACHINES 
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Universal Winding Company 
P. O. Box 1605, Providence l 
Rhode Island, Dept. 108 


Please send me 


Bulletin on the Leesona No. 108 
Hand-Feed Coil Winders. 


] Condensed catalog of 
Leesona Winders 


Vame 
Company 


City 








Manufacturer cuts product cost 


Problem: A Spokane, Washington manufac- 


turer sold band-mill saws to the lumber industry. 


Soaring expenses were pushing unit costs out of 


sight. To remain competitive, he had to sell his 
product for less. He called in his local Century 


Electric sales engineer for help. 
: I 


Solution: The Century Electric sales engi- 





neer studied the motor drive for the unit. He pro- 
posed a new gearmotor drive to replace the cum- 
bersome mechanical transmission system. The com- 
pact Century Electric gearmotor required less space 
and was easier to install and maintain. Fewer parts 
were required—assembly was simplified. Savings in 
manufacturing costs: $192. The manufacturer was 


well on his way to solving his cost problem. 














$192 with Century Electric motor 


More than a motor: This is another 
example of why you get more than a motor when 
you take your motor problems to Century Electric. 
You will have the help of experts who think, sell 
and apply motors—and nothing but motors—day 
after day. They may be able to show you how to 
get better performance and cut costs for your 
product. 


For more information, contact your nearest 
Century Electric Sales Office or Authorized Dis- 
tributor. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


? 
“te 
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PRECISION TACHOMETER 


e .16% Linearity 0-3600 RPM 

e .05% Output Voltage Tolerance at 3,000 RPM 
e 2V per thousand RPM voltage gradient 

e 15°C to 75°C temperature range 

e 0° + 6 minutes 3000 RPM phase shift 

e 10 mv max. null voltage 

e 3 mv max. in phase axis error 

e 115V 400 cycle input, 8 watts 


e Size 20 illustrated (Type 20TG-6777-01.) Other 
sizes with similar or greater accuracies can be 
designed to your requirements. Write or call your 
nearest Oster office for further information today. 


Precision Tachometer ; me ; actual size 


Production Testing Type 20T G-6777-01 


Burton Browne Advertising 


Other products include servos, synchros MANUFACTURING CO. 
resolvers, motor-gear-trains, AC drive 
motors, DC motors, servo mechanism as 
semblies, reference and tachometer gener Avionic Division 
ators, servo torque units, actuators and 
motor driven blower and fan assemblies 


Your Rotating Equipment Specialist 


Racine, Wisconsin 


237 North Main Street 5333 So. Sepulveda Bivd. 
NEW YORK ompetond. it. Sew York NEW JERSEY ei tres op dll WESTERN Culver City, California 
one: anhoe 3- ’ Phones: EXmont 11-5742 
OFPMGE TWX Hempstead N. Y. 705 OFFICE Phone: ESsex 3-2361 ormes TExas 0-1194 
TWX S. Mon 7671 


Interesting, varied work on designing transistor circuits and 
Engineers For Advanced Projects: servo mechanisms. Contact aM. Robert Burns, ee 
Manager, in. aenc : et ge 


we 
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4 formable sheet _ 


(calendered and ee 


¥ COLAC. 


HIGH IMPACT THERMOPLASTIC RESIN 


SOME OF THE 1001 END PRODUCTS 

MADE WITH CYCOLAC 
@ Kitchen Accessories Cycolac now offers you five types of resins ... 
e Molded Pipe and Industrial Fittings 
e Signs—Display Cases molding, extruding or calendering applications. It will pay 
e Desk Tops e Luggage 4 


each designed to serve specific requirements for better 


¢ Appliance and Tool Handles you to try Cycolac—it may be your simple solution to 


e Carpet Sweeper Housing and Wheels many product cost and quality problems. 


Write for latest technical data today! 





PACESETTER IN 
Division of BORG WARNER « Washington, W. Va. 


Marbon also represented by: 


CHEMICAL WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 


CANADA: Dillons Chemical Co. Ltd., Montreal & Toronto 
EXPORT: British Anchor Chemical Corp., New York 
SYNTHETIC RESINS 
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Carburetor accelerator 
pump diaphragm 


Carburetor accelerator 
pump diaphragm 


Transmission vacuum diaphragm 
and piston assembly 


” 


Carburetor secondary 


Fuel injection control 
throttle diaphragm 


diaphragm assembly 


Need Critical Diaphragms? 


C/R will design, compound and mold them 
to your exact specifications 


Simple or complex, your diaphragm problem broad range of fluids, gases and solids, including 
can be solved quickly, dependably with the help petroleum base fuels and synthetic hydraulic 


of C/R Sirvene engineers. Their specialized oils can easily be achieved. 

experience gained in the solution of hundreds 

of similar problems is yours to use. They will Whether you specify critical tolerances, exact 
design and compound the correct elastomers to concentricity or flawless bonding—the more 
produce the exact degree of hardness, tensile reason to assign full responsibility to C/R 
strength, compression set, volume change and Sirvene engineers. They'll assure the absolute 
flexibility you require. Temperature resistance, uniformity and quality of your diaphragm 
with various materials, ranges from —100° to straight through production. Define your dia- 


500°F.. and compatibility with an equally »hragm problem to us and see how we can help. 
I | I 


Write for your copy of the illustrated Diaphragm Bulletin SD-100 


BUN ae SIRVENE 7 


CHICAGO RAWHIDE MANUFACTURING COMPANY 
1279 ELSTON AVENUE «* CHICAGO 22, ILLINOIS 


Offices in 55 principal cities. See your telephone book 


in Conada: Manufactured and Distributed by Chicago Rawhide Mfg f Canada, ltd., ‘on Been: cre) 
Brontford, Ontar Export Sales: Geon International Corr reat Neck, New York 
Other C/R Products: C/R Shaft and End Face Seals * Sirvis-Conpor mechanical 


leather cups, packings, boots « C/R Non-metallic Gears 1-4 AW H I D i> 


DIVISION 
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YOU CAN PROFIT 
BY USING TRUFLEX 


GENERAL PLATE 


Ulanet Thermostats 
Value Continued Material Uniformity 
in TRUFLEX parts and assemblies 
o 


Model 28 Miniature Hermeti- 
cally Sealed Thermostat ex- 
tremely sensitive. 


Here’s another case history of a leading manufacturer who 
has found he can depend on parts made from General Plate’s 
TRUFLEX thermostat metal. H. Ulanet, President of the 
George Ulanet Company, puts it this way: 

‘*Bimetal is a most important component in Ulanet Thermo- 
stats which have a world-wide reputation for quality. Therefore 
we must be certain of continued material uniformity and quality 
with each shipment. 

“During our 22 years’ experience with General Plate’s 
TRUFLEX thermostat metals we have found that they have met 
our exacting specifications.” 

General Plate can supply dependable thermostat metal 
parts and assemblies for installation in your products, too. 
You’ll get top performance because the high quality of each 
piece you receive is consistently uniform an exact dupli- 
cate of the original. 

General Plate TRUFLEX thermostat metal parts and assem- 
blies are made to meet your specific needs for temperature 
range, electrical conductivity and corrosion resistance. 

If you set up to make your own parts, General Plate can 
supply TRUFLEX thermostat metal strip to consistently meet 
your specifications. Send us your specifications for parts or 
strip — we’ll be pleased to quote. 


You can profit by using 
General Plate Clad Metals! M ET A LS & C 0 NT RO LS 


General Plate Division 
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Specially Designed 
Industrial Thermostat. 


CORPORATION 


1901 Forest Street, Attleboro, Mass 


FIELO OFFICES: NEW YORK ® CHICAGO ® DETROIT * INDIANAPOLIS * MILWAUKEE *® PASADENA 
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Get faster assembly-more dependable 








Better Protected against dripping 
or splashing liquids, this G-E motor is 
suitable for many jobs where an ordi- 
nary dripproof motor cannot be applied. 





Base-mounted Capacitors elimi- Perma-Numbered Leads are al- Totally-enclosed Transfer 
nate bulky capacitor ‘‘top hat,’’ are safe ways easy to identify. Non-wicking Switch assures positive contact 
from physical damage. Easy-to-remove neoprene insulation prevents moisture and long life—over 1,000,000 
spring clips hold capacitors in place. from running up leads into vital parts. consecutive operations on test. 














operation for your products .. . 


WITH GENERAL ELECTRIC 7/5) CLAD 
SINGLE-PHASE MOTORS 


- ae ne 
at ee 


HERE’S WHY: 


Perma-numbered leads in theG-E Tri/ Clad 
‘55’ motors make connection easier be- 
cause they are easy to identify. Threaded 
conduit entrance eliminates need for in- 
ternal lock nut . . . faster installation re- 
sults. And rigid cast-iron frame and end- 
shields prevent motors from being twisted 
out of line during assembly operations 

make machine operation more dependable. 


THE SMALL SIZE AND LIGHT WEIGHT of 
Tri/Clad ‘55’ standard motors facilitates 
installation on your products; helps reduce 
mounting and shipping costs without 
sacrificing full-power performance. Also, 
G.E.’s dripproof design allows these single- 
phase motors to be used for many applica- 
tions which normally require splashproof 
type motors... you save money. 


FOR LONGER MOTOR LIFE, G-E Tri Clad 


‘55’ motors feature Mylar* polyester film 
insulation, Formex}t magnet wire, water- 


*Registered Trade-mark of DuPont Co. 


GENERAL 


resistant stator coating, and better physical 
protection. Longer motor life, of course, 
results in longer life and increased dependa- 
bility for your products. 


COMPARE G-E Tri/Clad ‘55’ motors with 
other makes of motors. Remember: (1) 
General Electric offers you a complete 
line of single-phase motors to choose from 
dripproof or enclosed, vertical or 
horizontal, C-face or D-flange, all of which 
meet NEMA standards. (2) You'll also 
be pleased with the exceptionally fast 
delivery you can get and with G.E.’s small 
motor service station plan . a real 
plus in cementing customer relations. 


CONTACT your local G-E Apparatus Sales 
Office now for personal proof of how these 
G-E motors can help cut your costs, 
reduce assembly time, and give longer-life 
operation. And ask for your free copy of 
illustrated bulletin GEA-6240, or write 
Section 840-18, General Electric Com- 
pany, Schenectady 5, New York. 


tRegistered Trade-mark of General Electric Co 


ELECTRIC 


SINGLE-PHASE JA/ CLAD MOTORS OFFER THESE 
TIME AND MONEY SAVING FEATURES 


Water-shedding 
Stator Windings 


Cast-iron Frame 


Enclosed Transfer 
Switch 


Manual 
Reset Button 


Convenient 


Nameplate : ‘ . 


Advanced-design 


Mylar Polyester 
Film Slot and 
Phase Insulation 


Fan 


Solid-cast 
Rotor 


Capacitors 


Enclosed 
in Base 


Yel 


Bearing System 4 > 


Threaded Conduit En- Mase Fully x 
trance permits quick, easy Protective Endshields F 
installation; provides tighter, 


P ° 
dust-proof seal for conduit. or 


numbered Leads 





Standard single-phase Tri/Clad ‘55’ motor 





J 
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Refined and produced by Mallory 


Sunray range are power unit and con 


trol wiring harness for regulating 


burners to seven push-button selected 


flame levels 


Transmitter and receiver units, 


researched and made by Mallory, 


mit the housewife to regulate burners 


by remote control from anywhere 
the house! 


Push-Button Gas Range 


> ‘ : ~ 
Features Mallory- Engineered Electronic Control 


The ‘“Touch of Tomorrow” gas range made by 
Sunray Stove Co., Delaware, Ohio, has a sizeable 
touch of Mallory electronic engineering in it. 
Sunray’s designers conceived the revolutionary 
idea of a gas range with full electronic control, 
capable of being turned on and off by remote 
radio link. 


To help put this concept to work, they called 
on the Mallory Electronics Division . .. who 
refined circuits, tested them in the lab and in 
prototype ranges. Today we are supplying the 
components shown here... manufactured to 


Serving Industry with These Products: 


Electromechanical—Resistors * Switches * Tuning Devices * Vibrators 


Electrochemical— Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical—Contacts * Special Metals * Welding Materials 
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strict standards of quality and economy, and 
delivered ready for efficient assembly in the 
range. 


If you are exploring new ideas in products where 
our broad experience in electronic circuits and 
components can be put to work, it will pay you 
to have us explore with you. You'll find we can 
contribute a unique combination of research 
ingenuity and production skills that will help 
make your product distinctive and competitive. 
Just call or write for a consultation. 


MALLORY 


P..R. MALLORY & CO. Inc., ‘INDIANAPOLIS 6, INDIANA 
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TORRINGTON CRACKS THE NOISE PROBLEM The squeeze toward compactness in room 
air conditioners has forced the decibel level up to the point that noise is now the No. 1 problem. 1 In 
anticipation of this trend, two years ago Torrington’s air impeller laboratories went to work on “noise.” 
i The result is the revolutionary Torrington H Wheel—one of the most important breakthroughs in air 
conditioning history. I In one room air conditioner application test the H Wheel reduced the noise level 
from 63 to 53 decibels; and it was less than one half as loud. 1 Torrington’s engineering department is 
now offering samples of the H-Series Wheel for evaluation in your new product development program. 
THE TORRINGTON MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT ¢ VAN NUYS, CALIFORNIA ¢ OAKVILLE. ONTARIO 
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KLIXON fixed temperature snap-acting thermostat 


KLIXON 


SNAP-ACTING 
CONTROLS 


help hold field service 
to less than 1% 


“We've specified and used KLIXON snap-acting 
thermostats for several years and our field service has 
been held to less than 1%.” 


That’s how the John Zink Company of Tulsa, 
Oklahoma, manufacturers of this Gas Fired 
Forced Air High Boy Heater, feels about KLIXON 
Snap-Acting Controls. 

The Zink Company is another of the many 
manufacturers who have maintained trouble-free, 
dependable service by using KLIXON controls. 
You, too, can benefit yourself and your customers 
by using these simple, snap-acting controls 
available in many hermetically sealed and open 
types in a wide variety of operating temperature 
ranges. 

Write today for Commercial Thermostat Cata- 
log — it gives full details on this KLIXON tempera- 
ture contro} line. 


John Zink Gas Fired Forced Air High Boy Heater 


Typical KLIXON Fixed Temperature Controls for many types of home appliances 





METALS & CONTROLS ™| CORPORATION 


Versailles Product Division j] 3601 N. Main Street, Versailles, Ky. 


KLixon 
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Toward a Philosophy 
of Technical Publishing 


WE CONSIDER THE PUBLICATION ELECTRICAL MAN- 
UFACTURING to be an instrument of education. 
It is planned to add to the knowledge of its 
carefully selected readers in all functions of 
design engineering activity. To this end our 
editors combine the two major principles of 
reasoning inherent in educational methods—in- 
deductive—carefully, 


ductive and consciously, 


deliberately. 
With Admiral Rickover, we share the belief 
that too many engineers have been turned out 


of colleges with heads crammed full of facts 
but woefully lacking in governing principles. 
They can flick a slide rule with all the dex- 
terity of an abacus operator, but all too few 
could propound the mathematics on which the 
slide rule is based. They know a motor will 
run but they don’t know exactly why. What 
are the principles of magnetics for the engi- 
neer to draw on? What is his knowledge of 
the molecular structure of the motor’s insu- 
lation system? 

There has been a field day of empiricism, 
sired by the educators and abetted by industry. 
At what cost? 

Technology is outrunning empirical practice 
and a change is upon us. The lines of separa- 
tion between the disciplines of the mathema- 
tician, the physicist and the chemist are 
wavering and thin. The relation of these disci- 
plines is strong and complex and interdepend- 
ence is becoming ever more pronounced for 
the engineer. 

We have heard the assertion by hard-bitten 
practical engineers that the best preparation 
for modern engineering is physics. The idea 
makes sense. No longer are materials merely 
substances out of which products are made; 
increasingly, materials are the products. One 
of our editors phrased the idea—“the indivisi- 
bility of materials.” Inherent in this idea is 
the concept of molecular engineering. Materi- 
als are engineered to meet requirements and 
articulated into component parts of equipment. 
Ponder that 


winnow it from other functions of design en- 


concept a moment—then try to 


gineering! 

Reflecting the expanding needs of design en- 
ELECTRICAL MANU- 
FACTURING to progress from straight reporting 


gineering, it is natural for 


of materials and components applications to the 
addition of Basic Science and Engineering in 
method of 
technical publishing this move adds the second 


its editorial pages. To the case 


method of logic and learning: gaining knowl- 


edge by study of basie principles. 


This editorial philosophy, evolving gradually, 
is the culmination of experimental work ap- 
plied in the editorial of ELrecTricAL 
MANUFACTURING in past During 1958 
readers reacted with unprecedented enthusiasm 
to such article subjects as Boolean Algebra, 
Rasic Statistics for the Design Engineer, The 
Molecular Key to Dielectric Properties, Slide 
Rule Mathematics, Design Advances from Mag- 
Research. These 
highs on the scale of 


pages 


issues. 


reached new 
Reaction, this 


articles 
Re ader 


continuous 


netic 


magazine’s method for sampled 


measurement of reader evaluation of feature 
article content. There was a heartening dis- 
persion of high interest ratings among readers 
of all major groups in the diverse field of elec- 
trically operated products—from aircraft to ma- 
chine tools. The need for the dual approach 

basic principles along with practical applica- 


tion data—appears to be common to the en- 
tire field of design engineering. 

Accordingly, this 
gram that will be continuous in the year’s 
twelve issues. Each month Etecrrica, MANu- 


FACTURING will carry a major editorial insert 


issue inaugurates a_pro- 


under the general head of Basic Science and 


Engineering. Included among the subjects to 
follow the current insert, Introduction to Semi 
Fourier Analysis, 


Shock and Vi 


Theory plus 


conductor Theory, will be: 
Physics of Magnetic Materials, 
Heat 


seven others of equal character 


bration Philosophy, Flow 
and depth. 

We do not consider this expanded publish 
ing philosophy a retreat to the tower. 
Each subject for the Basic 


selected by an able 


ivory 
Science and Engi- 
neering series has been 
editorial staff because it is specifically related 
to practical design problem areas in the field 
we serve. Moreover, a continuing series of prac 
tical materials, components and systems appli 
cation articles throughout the year will be care 
fully integrated with the insert series on Basic 
Science and Engineering. There is no disposi 


tion among the editors—themselves practical 
engineers—to foster an esoteric club. This is 
a serious tutorial program to fill the need, 
everywhere apparent, to combine principles with 
practice. To the how of design engineering we 


hope to add a better understanding of the why 





Designing Optimum Inductors 
with Ferrite-Biased Gaps 


Volume reductions up to 78 per cent are 
possible for iron-cored inductors carry- 
ing superposed alternating and direct 
currents by using barium ferrite per- 
manent-magnet slabs in place of air 
gaps. Analysis and synthesis techniques 


presented enable designers to proceed 


without ““guesstimation” directly from 


electrical specifications to physical di- 
mensions of optimum inductors with iron 
(Audio A) or ceramic (Ferramic H) 
cores — with ferrite gaps, air gaps or 
no gaps, whichever is optimum for the 


particular case. 


J. T. LUDWIG, Senior Development Engineer 
Aeronautical Division 
MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 
Minneapolis 13, Minnesota 


THE USE OF AIR GAPS in iron-core inductors has been 
an accepted procedure for many years. A further im- 
provement may be made by using a magnetically hard 
material in the gap instead of a nonmagnetic material. 
This has become practical with the advent of barium 
ferrite, a permanent magnet material with high resistivity 
which limits eddy currents and their deleterious effects. 
(1-6)* Such material could be inserted as thin slabs into 
gaps in a ceramic or laminated metallic core, or it could 
be formed directly as a thin layer within a ceramic core. 


Function of Ferrite Gap. An air gap or biasing 
magnetic gap is required only when the inductor current 
is unsymmetrical, that is, when the maximum value of 
instantaneous current is not the equal and opposite 
(negative) of the minimum value. If the current is sinus- 


*Italic numerals in parentheses refer to Cited References at end of article 
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oidal, bias is required when a d-c component is super- 
posed on the a-c sine waye. This d-c component tends 
to saturate the iron, and the introduction of an air gap 
raises the effective incremental permeability (by reduc- 
ing the saturation) more than it reduces the effective 
incremental permeability directly by its own presence. 
4 biasing permanent magnet gap can do this job even 
better. For a given coil and core structure, greater in- 
ductance can be achieved since. for the same desaturating 
effect, a permanent magnet gap will be shorter than an 
air gap with less reduction of the core’s incremental 
permeability. The improvement offered by a ferrite gap 
will be greatest for those specifications whose optimum 
core structure contains a relatively long air gap and 
whose optimum core structure operates below saturation 
of the soft core material. 

When a ferrite slab is used in a metallic circuit, it 
may be angled with respect to the normal flux path to 
reduce the induction in the slab to a more favorable 
operating value. In an all-ferrite circuit, this angling is 
not so necessary because the favorable operating induc- 
tions of the hard and soft ferrites are more nearly the 
same, but some angling is efficient in reducing size. The 
ultimate objective in the manufacture of all-ferrite cores 
is a line of cores with varying amounts of hard and soft 
ferrites, each for a different range of applications. Be- 
cause of the high coercive force of barium ferrite, the 
gaps may be magnetized either before or after assembly 
of the core. 

One disadvantage of a biased inductor is that a con- 
nection polarity must be observed. Reversing the termi- 
nals degrades the inductance value although no perma- 
nent harm would be done to the inductor. But this is not 
a serious problem; electrolytic capacitors, for example, 
also require connection polarities. 


ANALYSIS AND SYNTHESIS 


Analysis, as distinguished from synthesis, is the calcu- 
lation of the electrical properties of an inductor from 
its physical dimensions. Synthesis is the process of 
design, the calculation of the physical dimensions from 
an inductor’s required electrical Analysis 
generally gives a unique solution: for a given operating 
point, a given inductor has a certain inductance. Syn- 


properties. 


thesis seldom yields a unique solution; a large number 
of inductor designs may meet a typical set of require- 
ments. The more complete the requirements, however, 
the fewer the number of possible designs. The number 
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of suitable designs will usually be reduced to one by 
an additional requirement to synthesize the smallest, the 
lightest, or the cheapest inductor. Both calculations are 
useful in design since analysis is usually used to check 
synthesis. 


The Analysis of Biased Inductors 


In evaluating an inductor or an inductor design, the 
most difficult aspect is the calculation of its inductance. 
Since the presence of ferromagnetic material makes the 
inductor nonlinear to a greater or lesser degree, its 
inductance depends on both the alternating and direct 
currents. 

The only d-c impedance presented by a practical in- 
ductor is its copper (winding) resistance. In most prob- 
lems the d-c current component will be determined by 
the external circuit. The usual operating-point specifica- 
tion will be the direct current together with the alter- 
nating voltage or current (magnitude, frequency, and 
waveform). Where the d-c voltage component rather 
than current is given, the d-c current component may be 
calculated by dividing the d-c voltage by the d-c wind- 
ing resistance. 

Either (not both) the alternating current or voltage 
must also be specified or assumed in order to calculate the 
inductance. The inductance is part of the relationship 
(in the form of a proportionality constant) between cur- 
rent and voltage. If both current and voltage are speci- 
fied for the analysis of an inductor, the inductance is 
automatically specified, and there would be no possibility 
of calculating any inductance value from the physical 
inductor. 

Thus, the analyst must specify or assume the voltage 
or the current or some functional relationship (other 
than ratio) between current and voltage. Specified-volt- 
age and specified-current solutions are given here. The 
more general problem of analyzing an inductor under 
the conditions of only a known functional relationship 
between voltage and current has not been solved, but 
nearly all practical problems can be set up on a specified 
voltage or specified current basis. Some problems are 
more conveniently set up on one basis than the other: 
other problems are equally well set up on either basis. 
(Obviously, this same problem of specified voltage vs 
specified current does not occur in the case of synthesis 
because there the desired inductance is known, and the 
current may be calculated directly from the voltage wave- 
form, or vice versa. ) 

The physical dimensions required for analysis are: 

@ Mean iron (core) length, em (/,) 

@ Net iron (core) sectional area, sq cm (a;) 
@ Effective gap length, cm (/,) 

@ Number of winding turns (V) 

Length l 
area da; 1s gross area 
factor. Iron length and stacking factors are listed in 
most lamination catalogs. Effective gap length Jl, is 
shorter than the actual gap because of fringing flux. If 
at the gap face is a rectangle of di- 


is calculated from core geometry. Net iron 
4; times the appropriate stacking 


gross iron area 4; 
mensions (x, ¥), the effective air gap length is approxi- 
mately 


(1) 
is the actual air gap length. 


where | 
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This formula is the best present estimate of the fring- 
ing conditions for ferrite gaps, pending more exact stud- 
ies. If two or more gaps are magnetically in series, the 
sum of their individual lengths is used. 

In order to make best use of the ferrite gap material, 
the gaps may be at an angle other than normal to the 
flux path. In this case, the gap length is still the slab 
thickness but the effective residual induction (B,) of 
the gap is now 


B, = Bra 


where 


Bra the actual residual induction in gauss 
6 = the angle between the flux lines and the plane of the gap 


Analysis with Specified Voltage 


1. Calculate the incremental induction, By, from 

Eee X 10° 

B = Ace 
a 1.44 f Na, 


where 


the effective value of the applied sine wave of voltage 
in volts 
f = the frequency in cycles per sec 
B, = the incremental induction in gauss 


A general formula for nonsinusoidal waveform is 
of 


Bs | / e’ dt 105 
. 2 Nai Ji 


I 


where 


e’ = the time variable voltage in volts which produces a 
symmetrical time varying current 


ft, and f successive points of minimum and maximum flux 


2. On the anhysteretic induction curves for the core ma 
terial, construct a straight gap line (/, 7, 8) with 
intercepts 
QO InNI Ld 
l 


aE 


0 In NEB, 
Lil 


b 
where 


H, the biasing magnetizing force in oersteds 
I, the biasing current in amperes (equal to the 
direct current if the alternating voltage is sinus- 
oidal) 
the effective residual induction of the ferrite gap 
material in gauss 
the coercive force of the ferrite gap material in 
oersteds 
the biased induction in gauss 
Such a construction is shown in Fig. 1. From the inter- 
section of the straight line and the anhysteretic in 
duction curve having the By value found in step | 
read the values of H, and B,. 
For B, and H,, of steps 1 and 2, find the incremental 
) 


permeability of w4; for the core material from Fig 


Calculate the inductance from 


0 4nrN2%a; 10 


where 


L the inductance in henries 
the incremental permeability of the ferrite 
material (approximately equal to B,//H 
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Fig. 1—Biased (anhysteretic) induction curves with gap 
line to find center of minor loop. 


Analysis with Specified Current 


1. From the current waveform and magnitude find the 


maximum, /,,, and minimum, /,,,,, values of current. 


2. Calculate the incremental current /, 


f J (8) 


3. On the normal induction curve for the core material 


construct a straight gap line with intercepts 


i] 0 4InNI LH 


where 


H thie 
B the 


maximum magnetizing force in oersteds 


maximum induction In gauss 


Such a construction is shown in Fig. 3. From the 
intersection of the straight line and the normal in- 
read the value of H, and B,. 


On the incremental induction curves for the core ma- 


duction curve, 


terial construct a straight gap line with intercepts 


H,, w OSes (1) 


O.ArNI apa 


where 


Hy, the incremental magnetizing force in oersteds 
By the incremental induction in gauss 





'0000> (ais GRADE mI | m 


eg 





5000+ debit 





— ++ -+++- 





2000-4 


Incremental Permeability -, 











Fig. 2—Incremental permeability curves. 


Such a construction is shown in Fig. 4. From the inter- 
section of the gap line and the incremental induction 
curve having H,,, B,, value found in step 2. read the 
value of H, and By. 


5. Calculate the inductance from 


VBaa; 10 
I 


Synthesis of Biased Inductors 


The “fundamental” or traditionally measured char- 
acteristics of materials are not always in the most use- 
9) This is particularly 
An index function to 
guide the designer to the optimum operating point may 


be derived from the fundamental characteristics. Othe 


Oo 


ful form for synthesis. (J, 8, 
true of nonlinear characteristics. 


application functions having unique values for each ma- 
terial operating point may also be derived. If a graph 
is now constructed with the index function as the ab- 
scissa and the application functions as ordinates, the 
synthesis process becomes direct and_ straightforward. 
From the specifications, the index is calculated, the cor- 
responding application functions are read from the 
graphs, and the physical dimensions are calculated from 
these application functions. 

This requires that index functions be matched only 
to specified or known quantities, and not to quantities 
which the designer sets out to determine. For example. 
the synthesis process for the optimum inductor should 
not require the use of the core size in the calculations 
to find the core size. The application functions are 
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Fig. 3 
upper tip of minor loop. 


Normal induction curve with gap line to find 


defined in a manner that makes the subsequent calcu- 
lations as simple as_ possible. 

Resistance and Thermal Design Limitations. 
Inductors, as do most electromagnetic devices. utilize 
interlinked electric and magnetic circuits. Capacity of 
each circuit is proportional to its cross-sectional area: 
energizing force required for each circuit is proportional 
to its length. Since the length of each circuit depends 
on the area of the other circuit (because they are inter- 
linked), 
simultaneously. 

In an inductor, the copper circuit limitation is the re- 


the equations for both circuits must be solved 


sistance of the winding. If there is no restriction on the 
winding resistance, the wire could (mathematically. at 
least) be made infinitely fine. A given core structure 
could have infinitely great inductance or a given induct- 
ance could be realized in an infinitely small device. Cop- 
per circuit resistance is then a size-limiting factor on 
how small a device can be built for a specific inductance. 

The copper-winding resistance limitation results from 
one (or both) of two factors: (1) allowable inductor 
resistance as determined by the external circuit applica 
tion: and (2) allowable copper resistance loss (I°R). 
The heating limitation will be the only factor when no 
other resistance requirement is specified. The thermal 
limitations are imposed by the temperatures of material 
failure (especially insulation), and by the maximum 
ambient or heat dissipation temperatures in which opera- 
tion is required. 

When an inductor resistance limit is specified. either 


it or the thermal heating consideration may be control- 
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Fig. 4—Incremental induction curves with gap line to 
find incremental induction. 


ling. It is not a separate matter to determine which is 
the controlling factor in a specific case because the spe- 
cified resistance is a given fixed number while the ther- 
mal heating limitation depends on the size (and quali- 
ties) of the heat removal paths. In the method presented 
here. an optimum design can readily be found for each 
case: specified resistance or specified heating. If the 
more conservative (larger) design is then chosen, both 
limitations will be met. 

One commonly used design concept is that of design- 
ing for constant current density in the copper. It can 
be shown that this leads to constant heat generation 
per unit volume. The removal of heat is normally through 
the surface and is proportional to the surface area for 
a given temperature differential. The temperature rise 
of the units so designed will then depend on the volume 
to-surface ratio which varies directly with size. A small 
unit so designed runs cool: a large unit. hot. It is bette: 
to operate small units with a higher current density than 
large units since the same internal temperatures will 
then be realized. 

The thermal problem can be conveniently approached 


hy an empirical equation: (10, 11) 
[ FT 

A 
6.45L Ag. 


K the copper loss heating power density in watts 


where 


per sq em exposed surtace 
the winding temperature rise 
the temperature rise parameter trom 
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General Design Method 


SPECIFIED SPECIFIED 


Re Rac 


Map A—Copper resistance limited design. 


Ke -LIMITED Ko=K 
DESIGN DESIGN 


CHART 24 
CHART 28 
CHART 2C 


CHART 3 
CHART 3A 


Map B—Copper loss density limited design. 


WHERE THE CIRCUIT imposes a resistance limitation, the 
design method follows the course of synthesis map A. 
In the general case, the total resistance R,- would be 
given and the method of design would be chosen by a 
test inequality. In some cases, only the copper (d-c) 
resistance R, is specified and the R,-limited design method 
would be used. 

In the R,-limited area there are several charts. Nor- 
mally, Chart 1A is used first since it specifies the mini- 
mum size design otherwise unrestricted. It has a lower 


Principles of Synthesis. The synthesis theory is 
developed along two broad lines: specified resistance and 
specified power density (through the heat dissipating 
surfaces). There is an index function, a set of applica- 
tion functions, and a set of charts relating them for 
each of the two broad classes. The steps to be presented 
are summarized in the box “General Design Method.” 

Copper Resistance Limited Design. Figure 5, 
Chart 1A, is the first chart for the specified resistance 
case. The index function n, is calculated by 

(0 .4r)5 r? wI,,4 RS (15) 
u3 p> 108 L 
where 
I, == the specified maximum current (during a cycle) 
in amperes 
I. = the specified inductance in henries 


limit below which the air gap should be negative, and in 
this range Chart 1B will specify the zero air gap design, 
which is the best physically realizable design. Chart 1A 
has upper limits where a minimum ceases to exist and, 
in many cases, considerations of linearity may restrict 
the maximum induction to be used. For design in these 
ranges, Chart 1C provides designs. 

Within the R. = R; design area, the design method in- 
volves more algebraic equations and fewer curves than 
the R,-limited area. 

When the design has been made to meet a specified 
resistance figure, the thermal power density (which deter- 
mines the temperature rise) should be checked. If the 
thermal power density of the design is too high or if 
there is no circuit requirement on the allowable resistance, 
the design should be made in the thermal power density 
limited area shown in map B. 

The map of this area is similar to the map for specified 
resistance. Normally, the designer would determine the 
specific method by means of a test inequality, although 
in the case of a small alternating current and large 
direct current, he would use the K,-limited design imme- 
diately. There are several charts in the K,-limited area 
and these are analogous to the charts in the R,-limited 
area. The design method within the K, K; area is 
similar to the method in the R, = R; area and uses the 
same Charts 3 and 3A. 

In most cases, the design synthesized by the method 
will be subject to a winding calculation, taking into ac- 
count the actual wire size, local winding methods, etc. 

The general method, insofar as the basic ideas are 
concerned, may also be used for transformers with 
superposed a-c and d-c magnetization. When so used, all 
the currents should be referred to one winding and the 
design can then be based on the magnetizing current and 
the open circuit inductance requirements. The heating 
effects must be based on the total magnetizing and load 
currents. The copper area factor v must be that for the 
reference winding alone. In a two-winding transformer, 
the value of v would be approximately half of the value 
used in the inductor design for the same winding methods, 
since each coil should occupy half the window. 


the specified copper resistance in ohms 

the dimensionless ratio of the mean turn length 
to the mean iron length (/,//,) 

the dimensionless ratio of the net copper cross- 
sectional area to the square of the mean iron 
length (a,/l;*) 

the dimensionless ratio of the net iron core cross- 
sectional area to the square of the mean iron 
length (a; /l;*) 


p = the coil resistivity in ohm-cm. 


The application functions, g,, 8, and B,, are read from the 
curves having the appropriate /,//,, ratio. The J ,//,, 
ratio is zero for pure direct current, one-half for a wave- 
form that just reaches zero once a cycle, and unity for 
symmetrical currents 
rent). 


(including pure alternating cur- 
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Values of K, for Approximate Temperature-Rise Equation’ '"’ 





Transformer 


construction Compound-filled Oil-filled 


Simple | Core Shell Simple 


| 
| 
| 
| 








| Shell 
Core and coil \(with end 


construction 


‘Ambient | 
temp, deg C | 


ae. | 


| 
| 
| 


Core Shell 


| 
Open . | 
| 


Simple Core 





Freq, Ei 
cps 


25 
60 
200 
400 
800 
2500 136 
25 | er | 
60 | ot 
200 104 
400 119 129 
800 129 139 
2500 | 143 
25 69 
60 72 
200 81 
400 91 
800 98 
2500 102 


25 68 
60 71 
200 80 
400 89 
800 96 
2500 100 


25 66 
60 69 
200 78 
400 87 
800 94 
2500 97 


25 62 
60 65 
200 72 
400 80 
800 87 
2500 90 
25 52 
60 54 
200 62 
400 68 
800 74 
2500 76 


107 
110 
123 
137 
149 
151 
100 
104 
117 














110 


68 
72 
83 
95 
104 
107 














106 





90 
102 
117 
126 
129 
84 
89 
100 
115 
125 
128 
83 
88 
99 
114 
123 
126 


98 70 
100 | 81 
Vas | 92 
131 100 
134 =| 103 
92 
96 
107 
119 
128 
131 


79 74 63 

84 90 79 

96 91 
108 104 
118 113 
120 117 


74 
id 
88 
100 
109 
111 


57 
67 
79 
87 


93 
103 
112 
115 | 


| 


The application functions are then used to calculate 
mean iron length J; by 


If, on the other hand, the index function n, is so large 
that it falls beyond the right hand end of the curves, or 
if the resulting B,, is too large from the standpoint of 


/ up L0& L 
q \ 
OArow R, 


Chen 
(17) 


fv 10" LR. 
0 .4druwp 


j 
\ \ nN (18) 
If the index function n, is so small that relative gap 
length 8 would ideally be negative, a physically realiz- 
able zero gap design is then the best that can be achieved. 
A second chart, 1B, shown in Fig. 6, provides g, and B,, 
for these designs. The same equations are used as for 
Chart 1A except that no gap length is involved. 
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linearity, Chart 1C, Fig. 7, is used. This chart results 
from the imposition of a constant B,, value. It operates 
between the same index, n,;, and application functions 
g, and 8B with the same equations as before. No B, 
curves are shown since the value of B,, is fixed for each 
particular chart. 

Copper Loss Density Limited Design. A simila: 
set of charts exists for the specified power density case. 
The first is Chart 2A, Fig. 8. Here the index function 
n» is defined by 


(0.42) p? v L I,,8 K2 10° 


3 wp? [rms 
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5—Chart 1A, ferrite or air gap design. Fig. 6—Chart 1B, zero gap design (8 = 0). 
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Fig. 8—Chart 2A, ferrite or air gap design. Fig. 9—Chart 2B, zero gap design (8 - 
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Fig. 7—Chart 1C, limited induction design (Bmax 
kilogauss). 
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Fig. 10—Chart 2C, limited induction design (Bmax 
kilogauss). 
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Ww here 


I the root-mean-square current in amperes 


K, the copper loss heating power density in watts 

per sq cm 

p == the dimensionless ratio of the radiating surface 
area to the square of the mean iron length 


S/l;? 


The application functions are then read and used to 
calculate iron length J;, number of turns NV. and gap 
length 1, by 


(20) 


(21 


9 [ pi LOM Le kh ] (22) 
(0.47) u ue p LP, 


The overall principle of operation is the same as in 
the specified resistance case. In a manner fully analogous 
to the resistance limited case. there are Chart 2B, Fig. 9, 
for the zero gap cases and Chart 2C, Fig. 10, for the 
induction limited cases. 

Auxiliary Axes and Variable Stack Heights. 
When a number of designs are to be made using the 
same geometrical factors and conductor resistivities, the 
synthesis process may be considerably simplified by 
constructing two auxiliary axes on the charts. These 
axes (for the indexes n, and n. and application functions 
ex, and g.) automatically do the multiplic ation of the geo- 
metrical factors and conductor resistivity. The reduced 
index and application functions for square-center stacks 
of scrapless EJ laminations and conventional low voltage 
insulation are labeled n,, and g;, in Figs. 5, 6. 7 and n 
and go, in Figs. 8, 9, 10. The simplified formulas for the 
indexes n,, and n., and the core length /; are then used: 

For Series | Charts: 


kor Series 2 Charts: 


' k Perms | 
/ q 
Ke 


These charts. as regards the main axes n,. g,. 8. B,. n 


and g.. are derived from the material data only. The aux 
iliary axes, however. introduce both geometrical factors 
and conductor resistivity into the chart. The effect of geo 
metrical variations may be analyzed by the resulting 
shift of the n,, and g,, axes. The small s axis at th 
auxiliary axes intersection is a guide for a transparent 
overlay method of varying the lamination stack height 
by shifting of the n,, and g,,, or m., and g., axes si- 
multaneously. 

The designer first draws the n,, and g axes on a 
piece of tracing paper. He then may use the trans 
parency in either of two ways: 

1. If a design is wanted for a stack height other than 

standard, the transparency is located with its axes 
parallel to those of the main chart with the inter 
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Fig. 11—Chart 3, ferrite gap design. 


section of its axes at the s-axis point corresponding 
to the relative stack height: 
(stack height) 


- (27) 
(center leg width) 


Then the chart is read opposite the n,, point on 

the transparency n,, axis. The B,, and B values 
are read on the chart B,, and 8 axes while the g 
value is read on the transparency g,, axis. 
If a design results in a value of 1; intermediate 
between standard lamination sizes, the designer 
may determine the B,, 8 and s for the design 
using standard laminations having |; smaller or 
larger than that called for by the particular speci- 
fications. He first calculates g,, by Eq (24) from 
the 1; of the standard lamination and marks the 
Nir, &;, point of the transparency. He then moves 
the transparency, keeping the axes parallel to 
those on the main chart and their intersection on 
the s axis. When the n,,, g,, point on the trans- 
parency falls on the g, curve of the main chart. 
he can read s from the s axis at the intersection 
of the transparency n,, and g,, axes. The values 
of B,, and 8 are found from their respective curves 
and axes of the main chart, opposite the n,, axis 
of the transparency. 

Total Loss Resistance and Power Density. When 
the time-varying component of current is appreciable, 
the resulting core losses contribute to both the total 
effective a-c resistance and the total thermal power den- 
sity. Optimum designs made under either of these con- 
trolling specifications fall into either of two classes: 


86 
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Fig. 12—Chart 3, air gap design. 


1. Cases in which the core and coil material make 
equal contribution to the controlling limit, total effective 
resistance or total power density. In these cases, the 
core length, the number of turns, and the incremental 
induction may be calculated directly from the specifica- 
tions by the appropriate formulas. A single graph is 
used to find the gap length and the maximum induction. 

2. Cases in which the copper losses cannot be made 
low enough to equal the core losses. In this second case. 
the optimum design is found by use of the specified 
resistance or specified power density charts. The appro- 
priate contribution to the total effective resistance or 
the total power density is found by use of the charts and 
then the optimum design is found from the same charts 
by an interpolation method. 

Total Resistance Limited Design. When total (a-c) 
resistance is specified, the problem must first be classi- 
fied into the first or second class. To do this, the de- 
signer makes an initial entry into Chart 1A (or 1B 
or 1C, as appropriate) assuming that half the specified 
total resistance is copper resistance (R, in the calculation 
of n,). He reads g, for this assumed condition: this 
value will be g,’. Next he calculates 


G. - 4/2. tr y [4 L108 
iP. ~19 R/2 


y == the core loss coefficient in watts per cu cm per sq 


where 


gauss 


the direct-current component in amperes 


(29) 
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Fig. 13—Chart 3A, core length factors for scrapless El 
laminations. 


the problem falls in the first class, having equal copper 
and iron losses in the optimum designs. On the other 


hand, if 
Gy < gi’ (30) 


the problem falls in the second class, having copper loss 
greater than iron loss in the optimum design. If 


ty gi’ 31) 


the two classes give the same answer; either method may 
be used. 

Problems in the first class are solved by three main 
equations and a chart. 


= wa | upyIas 7 
Ra vw (12m: I?) 
° 4 
[L 108} [ vy la | 
uw p (l*.m, —1*) 
w (12,n, —I1?)s ] 
pt 45 15 (L 108)! 


On Chart 3, Figs. 11 and 12. a line may be drawn with 
B,, intercept, 


1/2 


4 


(Ba Im B,) 


B,, 
Ty bao He 


b, 


and slope 


(ordinate) MAg H.G,? 


B., B, (3)) 


The point where this line intersects the curve with the ap- 
propriate B, value from Eq (34) gives the operating B,, 
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value. In general, there will be two intersections; the 
lower one should be used. The relative gap length can now 


be found from 
p= Hs, ( Ge i 2.) (37) 
Ba; 


after finding »,; from the original data, knowing B , 
and B,,. All the essentials of the design are now known. 

If 1;, calculated by Eq (32), is between standard lam- 
ination sizes, Chart 3A, Fig. 13, curve 1, can be used to 
find the correct stack height for a standard lamination. 
The available size /; is divided by the calculated 1; (for 
square stack) to get the core length factor. The subse- 
quent formulas, Eqs (33) and (34), for N and B, re- 
quire the actual uw and w for the non-square stack. 

Some problems in this first class yield an optimum 
case where equal coil and core contributions can be 
reached by means of an ordinary air gap. Here no size 
advantage is gained by a “hard” ferrite gap. For all 
other cases, the use of a “hard” gap will decrease the 
inductor volume. 

Problems of the second class, Inequality (30), may 
be solved by interpolating between two limiting cases 
on the first series of charts (1A, 1B, 1C): one case 
is that which was assumed in the classification test, that 
copper resistance is half the total resistance; the other 
case is that copper resistance is assumed to be equal to 
total resistance. These two assumed cases will straddle 
the desired solution, and interpolation can be used to 
find the optimum design. 

This interpolation can be done as follows. (The as- 
sumed cases are denoted by prime and double prime.) 


Ra 


’ 


R’ (38) 


RR”, Rae (39) 


For these values corresponding n,’ and n,” can be calcu- 
lated by 
0 5p w ‘ 3 = 
(0.47) v? w 1, R, (15) 
u8 p3 108 L 
The corresponding g,’ and g,” values can be read from 
the charts (1A, 1B, 1C). Note that n, 
culated and g, read in the classification procedure. Next, 


was already cal- 


calculate the iron loss components of resistance that 
these assumed solutions would have. 


0.42 y 14 L108 


R; : 
, P)q 


(40) 


and R,” values. 


can be added to the respective R,’ 


| hese 


and R,.” copper re- 


This gives the corresponding R,’ 


sistance to give the corresponding total resistances, R 
and R 


then 


”. The interpolated copper resistance to use is 


(Ree — Riv) 
(Rio— Ree) 


This value of R, is then used in the normal fashion to 
make a copper resistance limited design. The resulting 
design will have the specified total resistance, R 
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Fig. 14—-Chart 1A, ferrite or air gap design. Fig. 15—Chart 1B, zero gap design (8 = 
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Fig. 17—Chart 2A, ferrite or air gap design. Fig. 18—Chart 2B, zero gap design (8 
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FERRAMIC H Tt t t _—F -= 

SS SS ee oe wee om =o Total Loss Density Limited Design. In the total 
Poh srt ‘e 73 ; power density limited case, the procedures are similar 
REN we | to those just given for the total resistance limited case. 
Wit GFFECINE Bee | || The problem is first classified by assuming that half the 
ts tt = power density is due to copper loss, and then finding 
the corresponding g» value from the chart, g.’. This 

value is compared with G. given by: 


vw y? Ty L108 7! 
Go = (0.44)'4 
Ek pp J?, ns kK 2¢ {2 


y's <G (13) 


the problem falls in the first class, having equal copper 
and iron losses in the optimum design. This case differs 
from the resistance-limited case only in that the direct- 
current term is not introduced in the effective resistance 
calculation since the iron losses must be supplied entirely 
from the alternating components of current. On the 


other hand, if 
(se « q' (11) 


the problem falls in the second class, having copper loss 
greater than iron loss in the optimum design. Similarly, 
3 as before. if 
5 G: = 9 (45) 
Fig. 16—Chart 1C, limited induction design (Bmax = 1.4 the two classes give the same answer; either method may 
kilogauss). be used. 

Problems in the first class are solved by three equa- 
tions analogous to those for the resistance-limited case 

and by the same main chart. 


, Fina da L 16 
P Kac/2 
FERRAMIC + . 10) [ Y + . ] 
1 uw p [ams 


| piv (kh 2)§ (18) 
uw py! I,? [ems CL 10%)? — 


On Chart 3, a line may be drawn with B&,, intercept: 


NOTE: UNORIENTED BARIUM FERRITE ¢ 
WITH EFFECTIVE B,* 4 Kg 


(19) 


and slope 


(ordinate) 
B 


(50) 


\s before. the point where this line intersects the curve 
with the appropriate B, value from Eq (48) gives the 
operating B,, value. 

The relative gap length is found from 


FERRITE GAP CA 
AIR GAP CASE 


Ol) 


after finding »,; from the original iron data. Phe inter 

polation between standard lamination sizes is similar to 

the resistance-limited case except that Chart 3A. curve 

2. is used. As before. if the problem can be classified 

Fig. 19—Chart 2C, limited induction design (Biss 1A — the first class by considering veeilictn tiie 
kilogauss). there is no advantage in using a ferrite gap. 
Problems of the second class are so!ved in a mannet 


entirely analogous to the total-resistance-limited case 
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Fig. 20—Chart 3, ferrite gap design. 


Iwo cases are assumed: 


(53) 
For each of these values corresponding n.’ and n.” can 


be calculated by 


(0.42)? pv? L In* Ke 10° (19) 


u3 w p® 16,,,, 


‘lhe corresponding g.’ and g.” values can be read from 
the chart (2A, 2B, 2C). Again, note that g,’ was read 
in the classification procedure. The two iron-loss com- 
ponents K;’ and K;” can be calculated from 


2 
0.49 y I, L 108 


A, 
pl? go 


for the two g» values by 


: [ up 108 ] [ee] 
~LO.4e pow k, 


after finding I 


l, Qs [ L em | (26) 
Ve 


The two A; values can be added to the respective K, 
values to give the corresponding total loss densities K’,, 
and K”,,. The interpolated copper loss density compo- 


nent is then 


90 
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—Chart 3, air gap design. 


ir ’ 
(Ka Kac) 
; 7 (55) 
(K, Kan) 
This value of A, is then.used in the normal fashion to 
make a copper-loss-density limited design. The resulting 
design will have the specified total loss density, Kap. 


.* 
Data for Ceramic Cores 
So far, all the curves have been for AISI M-15 
(Audio A) cores. Figures 14 to 21 show similar data 
for Ferramic H cores. Auxiliary axes are omitted from 
these charts since ceramic cores are not standardized 


or laminated. 


Angle Gap Factor 

For these calculations a ratio of 10 was used for the 
angling factor for the Audio A cores. The effective resi- 
dual induction is 


B, = 2000 « 10 20,000 gauss (56) 


The gap incremental permeability is given by 


B. 20,000 = 
Hy, = = 2 3 (57) 
0 H. 1600 
For the Ferramic H cores the angling factor was 2. 
(Continued on page 204) 
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Research Progress 
in Dielectrics —1958 


Papers presented at the 1958 Confer- 
ence on Electrical Insulation have impor- 
tant bearing on development of high-tem- 
perature insulation systems and corona- 
resistant material, Other areas of research 


discussed included work in tantalum 


oxide capacitor dielectric, transformer 
insulation systems. radiation effects on 
dielectric materials and on air, dielectric 
breakdown in gases, liquids and solids. 
Fundamental theories and new areas of 
research in ferroelectricity and electronic 
conduction of solids were among subjects 


covered in invited papers. 


ALEX. E. JAVITZ 


Special Features Editor 


THE TWENTY-SEVENTH ANNUAL MEETING of the Confer- 


ence on Electrical Insulation, National 


Sciences-National Research Council* re-aflirmed its his- 
toric purpose of bringing together the fundamental or 
pure research scientists and the equipment design engi- 


neers. As may have been expected. the dominant factor 


Twelfth Consecutive Annual Re- 
view and Interpretation of the 
Conference on Electrical Insul- 
ation, Division of Engineering 
and Industrial Research, Nation- 
al Academy of Sciences-Nation- 
al Research Council. 
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Academy of 


was research. The Conference is essentially a fountain- 
head of information on work in progress on the research 
level. The design engineer attends the NAS-NRC Con- 
ference to fortify at first hand his own knowledge of 
dielectrics with work-in-progress reports on new  prin- 
ciples and on new materials. He can also learn some 
thing about the mechanisms of the behavior of di- 
electrics and about the relation between molecular struc- 
ture and dielectric characteristics. In these respects the 
Conference performs an effective “practical application” 
function. 
Several research and development areas} were par- 
ticularly in evidence at the Conference: 
a. detection of corona 
b. effects of corona 
c. advances in solid state physics 
d. studies in molecular structure and in electronic 
conduction in solids 
progress in ultrahigh-temperature insulation sys- 
tems (500 € and higher). 
Other significant trends are reflected in the contents 
of the various papers and the scope’ of round-table dis- 


cussions as reviewed in this report. 


Corona Effects 

The existence of a phenomenon described as “electro- 
mechanical stress cracking” or “corona-mechanical stress 
cracking” was discussed by FE. J. McMahon. D. E. Ma- 
loney and J. R. Perkins of Du Pont’s Polychemical De- 
partment in a paper dealing with the effects of corona 
on polyethylene. Since it has been found difficult to 
control the many variables that are encountered in the 
conventional voltage-endurance mandrel test. a simpler 
test method was devised for this investigation. In this 
method. a test specimen in film form is stretched to give 
uniaxial strain. The electrical stress is applied through 
the film at right angles to the direction of mechanical 
elongation. Relative values of corona life by this method 
correlate with those from the mandrel test. This stretched 
film technique also permits the use of the direct-electrode 
voltage endurance method for corona studies. 

Figure 1 shows the effects of mechanical elongation on 
polyethylene. Stress of 200 vpm was applied to films 
with 15, 
with higher elongation had the shorter corona life. Cor 


30. 50 and 65 per cent elongation. Specimens 


ona energy in these tests was low: applied voltage was 


Weat 





Fig. 1 
in polyethylene (electric stress 200 vpm). Source: Du Pont. 


The NAS-NRC Conference on Electrical Insulation—Summary of Trends and Viewpoints 


A CROSS-SECTION OF SPECIALISTS who attended the 1958 
Conference on Electrical insulation was asked by the 
author of this review to participate in an informal sym- 
posium on trends, problems and needs in their field. 
The questions and composite replies follow: 

1. What specific trend or trends in research and devel- 
opment were in evidence at the NAS-NRC Conference? 
The most frequent answer to this question cited detailed 
studies in the mechanism, detection and effects of corona. 
Uhrahigh temperature insulation systems (500 C and 
higher) and nuclear radiation effects on materials were 
mentioned almost as frequently. From the standpoint of 
urgency, the latter two areas probably present the most 
challenging problems. The most promising solutions to 
these problems lie in the development of inorganic ma- 
terials. The particular importance of high-temperature 
materials, corona-resistant materials and nuclear radia- 
tion-resistant materials in high-speed flight electrical 
systems was underscored. 

Other research areas also drew comment. Several Con- 
ference participants stressed the significance of continu- 
ing studies in the relation between the molecular struc- 
ture of materials and the electrical characteristics. The 
potential great growth in isotactic polymers may con- 
tribute new types of insulating materials with highly 
improved properties. 

Some respondents were of the opinion that the em- 
phasis on heat is decreasing, on voltage increasing, and 
on radiation just about starting. This opinion referred to 
overall trends, since individual situations may be in 
conflict or in advance of specific trends. 

The increased number of invited review-type papers 
that were a feature of the 1958 Conference was welcomed 
as a “worthwhile and stimulating” new trend. 

2. What trends were in evidence at other symposia, 
conferences and meetings? No concentration of replies 
was noted. Other meetings apparently emphasized: 

a. perfluorocarbon gaseous dielectrics 

b. embedment and potting compounds 

e.the use of epoxy for potting the heads and wind- 
ings of small induction motors, also the use of 


approximately 60 vpm above corona ignition. Specimens 
in which mechanical stresses were relieved through an- 
nealing showed no failure when the test was discontinued 
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Quantitative effects of electromechanical stress-cracking 


silicone rubber materials for insulating larger 
open-slot a-c machines . . . there seems to be a con- 
siderable interest and possible justification for 
usage of these types of insulating materials 
. classification of materials and their applications 

-rapid adoption of many new plastics materials 

. general investigation of life of materials under op- 
erating conditions (thermal degradation and co- 
rona effects particularly) 

.certain application problems which, although im- 
portant, are not necessarily a major factor in the 
NAS-NRC Conference. 

3. Which areas in dielectrics and electrical insulation 
do you think need the most study and investigation? The 
following areas were nominated: 

a. inorganic insulation at high temperatures 

». electric breakdown of composite dielectrics involv- 
ing air and solids or liquids, also liquids and solids 

*.embedment compounds 
. thermal capability of class 105 C materials (such 
as kraft paper) 

. perfluorocarbon gaseous dielectrics 

.thermal embrittlement of high-density polyethyl- 
ene; unless this defect can be overcome, the early 
promise of high-density polyethylene for higher 
temperature use (90-100 C) cannot be fulfilled 
.methods for joining polyethylene-insulated high- 
voltage conductors 
.in general, the areas of thermal degradation, serv- 
ice life and corona effects need continuing study 

i. the areas of voltage and radiation endurance of 
electrical insulating materials and systems need 
the most study and investigation, but there is a 
corollary need for the development of materials 
of superior properties in these areas. 

4. What specific problems dominate the field of elec- 
trical insulation? Here is a rundown of some replies: 

a. how to utilize class C (> 220 C) insulation where 
flexibility is required. 

b. determination of life-ttemperature relationship for 
insulation systems . . . does the Arrhenius Equation 


after 400 hr. Control samples failed at 35 hr. Specimens 


were annealed at 70 C for 150 hr after 50 per cent 
elongation. 

Measurements on many different polyethylene compo- 
sitions were made at room temperature both in air (at 
approximately 50 per cent RH) and in nitrogen atmos- 
pheres at atmospheric pressure. Measurements in air 
always exhibited a shorter corona life by a factor of 
four. In all tests run in air, a white ring (consisting of 
the film around 


the outside edge of the electrode in the area subjected 


oxalic acid crystals) was observed on 
to corona discharge. Also observed were cracks, always 
al Poly- 


ethylene subjected to corona in a nitrogen atmosphere 


right angles to the direction of elongation. 


was found to be free of crystals, but very fine surface 
cracks appeared in a direction transverse to the elonga- 
tion. 

Studies of the effect of humidity on life under corona 
provided results as plotted in Fig. 2. Unexpectedly. for 
Alathon 3B polyethylene, corona life at the wet condition 
was 20 times longer than at the dry condition. Surface 
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develop a straightline relationship from normal 
operating temperatures to those, say, 100 C and 
above? 

e.the continued search for new materials with im- 
proved performance especially at high and ultra- 
high temperatures. 

d. prevention of corona in connection with organic 
solid and liquid insulation. 

e.a more exact relationship between service aging of 
insulation and laboratory aging tests 

f. thermal stability and the development of suitable 
materials for operation at higher temperatures; the 
growing acceptance of polyester miagnet wire as a 
Class B insulation is an indication of this trend 

g.clear definition of the requirements for and terms 
used in radioactive materials 

h. open-motor insulation for outdoor operation where 
chemical contaminants may be present. 

5. What important problems do you think are being 
neglected? To some extent this question wis implied in 
the preceding one. Several replies, however, cited a few 
areas where it was thought research lagged: 

a. aging characteristics of insulating materials tested 
both at operating temperatures and in operating 
environments in which equipment is used 

b. revision of thermal classification 

c. standardization of applications 

d. quality control 

e. behavior of magnet wire conductors at high tem- 
perature; study of magnetic problems 

f.the subject of voltage endurance (not necessarily 
“neglected”) is of coming and growing importance; 
the development of materials capable of withstand- 
ing higher voltages for longer periods of time is 
also an obvious need. 

Not stated as an area of neglect, but rather as a criti- 
cism of the Conference, was the fact that none of the 
papers dealt with new types of polymers and new formu- 
lations of resins. It was conceded that this situation may 
be due to the fact that such information may be of pro- 
prietary nature, but the point was made that useful infor- 


resistivity of the area affected by corona ranged from 
10° to 10'' ohms per square compared to 10'° ohms per 
square where there had been no corona. Little or no 
volume effect was indicated. 


By using nitrogen at 95 per cent RH in place of air. 


the effect of humidity on life in a nitrogen atmosphere 


9 
oo. 


was also investigated. Results are plotted in Fig. 
The paper also reported the results of studies on poly- 
ethylene in wet nitrogen atmosphere. The results sup- 


port the existence of a mechanism for longer life under 


~ 


2-Hours of failure of a polyethylene film as a function 


Fig. 2 
of the relative humidity. Measurements were made with an 
electric stress of 200 vpm. Mechanical elongation of sample 
was 50 per cent. Note: The expression F (5/10) hours repre- 
sents the time required for the fifth failure to take place when 
ten points on a sample are exposed simultaneously. It was 
decided that this was the most meaningful number to report 
out of a considerable amount of numerical data accumulated. 
Moreover, considerable time is saved by stopping the test after 
failure of the fifth specimen. 
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mation can usually be presented without necessarily 
making confidential disclosures. 

6. What relationship do you think has been established 
between such meetings as the NAS-NRC Conference on 
Electrical Insulation and equipment design application 
problems? It was generally agreed that the NAS-NRC 
Conference represents research, that the emphasis is 
strong on the theoretical side. But it was also pointed out 
that equipment design is becoming “more and more 
scientific”; that there is an increasingly greater interest 
on the part of equipment designers in the activities of 
the research scientists; and that the Conference is the 
bridge between the engineer and the scientist. The large 
number of design engineers who regularly attend the 
Conference constitutes a direct evidence of this fact. 

7. What other comment would you care to make? 
Under this omnibus question, several replies may be 
quoted, even though (possibly) controversial: 

a.More emphasis is needed on communication of 
technical data to users of materials. 

. Existing symposia do not bridge the communica- 
tion gap successfully; perhaps better skills and 
techniques are needed in the preparation and de- 
livery of papers. 

*,Many members of the NAS-NRC Conference are 
working primarily in electrical power systems; 
since many insulation problems are common to 
both electrical and electronic equipment, regular 
joint meetings of NAS-NRC Conference members 
with electronic circuit designers would be helpful. 
. Finally, strong issue was taken by at least one 
respondent with the inclusion of papers on the 
“glamorous” electronic materials associated with 
solid state physics. It was advocated that the * 
entific climate of the meeting” should be restricted 
to materials that are strictly electrical in nature 
and application, specifically those that find use in 
the design and manufacture of wire and cable, 
capacitors, transformers, encapsulated components, 
printed circuits and the like. Much theoretical and 
practical work in such materials is still needed. 
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Fig. 3——Electromechanical stress cracking of Du Pont’s Alathon 
3B polyethylene tested under water-saturated nitrogen. Upper 
graph is record of applied voltage; lower graph presents failure 
vs time data for individual test points. 
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Fig. 4—Variation in capacitance with voltage for insulation 
with a series air gap. (Tests made on 107-mil polystyrene sheet.) 
Source: Westinghouse Research Laboratory. 
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wet conditions. Initial corona discharges produce a chem- 
ical reaction at the polyethylene surface. This reaction 
yields semiconducting films that “grade” the potentials 
in such a manner that corona is eliminated. After periodic 
corona bursts, the surface undergoes a self-healing proc- 
ess. providing effective short-time protection. 


Tests on Alathon 3B under Dow Corning silicone fluid 
were made to learn the effect of electrical stress in the 
absence of corona. Successive tests up to the applied 


voltage limit of the equipment at 12.000 volts showed 
no failures to date with exposure time in excess of 5000 
hr at 1200 vpm. The specimen was initially stretched 
by 50 per cent. 

Further studies are to be made on polyethylene, also 
on other polymers. 

\ theoretical explanation was offered by S. I. Reyn- 
olds, General Electric Research Laboratory, in regard to 
the formation of the positive and negative charges left 
on the surface of insulation as a result of an electrical 
discharge between a metal and a dielectric surface. Test 
results were summarized. Inception voltages determined 
for a number of insulating materials in a uniform field 
gap closely approach the calculated inception voltages 
(utilizing sparking potential data). Surface charges ob- 
tained at the inception voltage in a uniform field gap 
occur at a single site. The resulting charged area is 
invariably smaller than the total area of the test elec- 
trode. Polarity is the same as that of the metal electrode. 

When a reversal of polarity occurs, the field is en- 
hanced owing to the remaining charge on the dielectric 
surface. The succeeding discharge always occurs at the 
site of the original charge, which is never completely 
neutralized or cancelled by the second discharge. 

The rotating probe electrometer used in these tests 
provides a semi-quantitative measurement of total charges 
in small areas; at the same time it locates the position 
and polarity of charged sites obtained on insulating sur- 
faces by the breakdown of a gap when the potential is 
high enough to cause ionization in the gap. Scanned at 
intervals of 2 mm, measurements were made of charges 
left on insulation surfaces less than 1 sq cm in area. By 
integrating the total charge from either a positive or neg- 
ative breakdown to a polyethylene surface. the total nega- 
tive charge from a single breakdown in a uniform field 
was found to be 380 micro-microcoulombs; for a positive 
charge the value was 335 ppc. 

The increase in dissipation factor of insulation with 
internal voids at voltages above the corona inception 
voltage was analyzed as a function of internal electric 
charges by T. W. Dakin, Westinghouse Research Labora- 
tory. It was pointed out that this well-known behavior 
has been used in the past for the qualitative indication 
of internal discharges and of insulation quality. The 
paper pointed out that the increase in equivalent capaci- 
tance with be utilized in estimating the 
amount of gas volume in an insulation in which electric 
discharges are occurring. Both theoretical and experi- 
mental correlations were presented. 


voltage can 


Figure 4 shows that the observed capacitance at high 
voltage approaches the value of the capacitance that 
would be observed if the series air gaps or internal gas 
spaces were shorted out. The values of capacitance plot- 
ted as a function of voltage in this graph apply to poly- 
styrene sheet in series with several different air gaps. 

Mathematical relationships were developed as a result 
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of which capacitance and dissipation factor of high volt- 
age insulation can be plotted as a function of voltage, as 
shown in Fig. 5. The resultant capacitance increase at 
high voltage is estimated at 70 per cent of the value that 
would occur if all the internal gas spaces were com- 
pletely shorted. The internal gas space here is estimated 
at 1.6 per cent of the solid insulation. This value is 
obtained by the addition of 30 per cent to the AC4;./C, 
value at 25 kv and dividing by the dielectric constant 
(about 4 in this instance). 


Variables in Transformer Oil Tests 

The effects of various variables on the impulse electric 
strength of transformer oil were studied at the General 
Electric Research Laboratory and High Voltage Labora- 
tory with results reported in a joint paper by A. H. Shar- 
baugh, KE. B. Cox and P. F. Ast. Experience has shown 
that uniform-field measurements made on liquids of 
ostensibly the same composition have frequently differed 
by as much as a factor of seven. The following experi- 
mental conditions were thought to be responsible for such 
differences: 

a. electrode shape 

b. electrode composition 

c. physical impurities in the liquid (for example, 

dust content) 
d. waveshape of the testing voltage 
e. chemical impurities in the liquid samples. 


fests were made on 10-C transformer oil as being repre- 


sentative of a liquid dielectric used extensively in com- 
mercial application. Of the five variables listed, the effect 
of chemical impurities was not actually investigated, but 
held constant by using samples from the same batch of 
oil. 

Conclusions reached on the basis of this investigation 
were stated as follows: 

1. Suspended dust caused a decrease in electric strength 
of 22 per cent at an electrode separation of 0.0015 in.. 
15 per cent at 0.005 in., and 8 per cent at 0.010 in. 
Filtration of dust of the order of 0.0001 in. diam thus 
becomes decreasingly necessary at the large electrode 
spacings. 

2. The breakdown strength was 14 per cent lower for 
al. & 40 usec wave than for a 4.5 psec rectangular 
pulse. 


3. Electric strengths measured with l-in. diam hemi- 


—: 


Fig. 5—High-voltage capacitance and dissipation factor (tan 4) 
of mica generator insulation. Note: A C = capacitance increase 
due to the complete shorting of the air gap; Cais 
capacitance increase; C low-voltage capacitance without dis- 
charge; tan 4, low-voltage dissipation factor of the insulation 
without discharge. 
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Round-Table Discussion—"Transformer In- 
sulation Systems—Their Specifications and 
Tests’’* 


1. Discussion was related to oil-filled distribution and 
dry-type transformers, primarily types for which 
test procedures have been formulated. 


. Problems discussed at a similar meeting eight years 


ago 


are still lacking solutions. These are the 


problems: 
a. What magnitude of test voltages should be 


used for end point tests? What about corona 
damage at higher voltages? 


. What about the detection of corona in the 


volume as well as over the surface of an in- 
sulation system? 


», What about chemical changes which take 


place, with by-products that affect reaction 
rates in other materials in the system? 
What electrical and mechanical performance 
is required? 


. What time-load-duty cycle is expected? 


What life expectancy and reliability is ex- 
pected ? 


3. Definitions were proposed to clarify the terminol- 
ogy of insulation system specifications and tests, 
as follows: 


a. 


What is a Specification? A written statement 
containing a minute description or enumera- 
tion of particulars. 


. What is a Standard? Any measure of extent, 


quality or value established by general usage 
or consent. A standard is a document that 
establishes engineering and technical limita- 
tions and applications for products, materials, 
processes, methods, designs and engineering 
procedures. 


-. What does a Specification accomplish? It 


should contain (1) clear, accurate description 
of the technical requirements for a product or 
material, and (2) the procedure used to de- 
termine whether the requirements have been 
met. 


. What is a transformer insulation system? 


Completely fabricated and processed combina- 
tions of insulating materials with associated 
parts of transformers (L-G, H-L, H-G and turn 
insulation) . 


. What is accomplished by insulation system 


tests? Determination of what the behavior and 
life of materials in an insulation system will 
be in any environment and under any speci- 
fied service or duty cycle. 


. How accomplished? Technical committees 


(AIEE) are developing procedures for the 
thermal evaluation of complete transformers 
and models; they are also developing test 
codes for measuring and defining equipment 
performance. Principal methods to accelerate 
life tests apply high temperature, mechanical 
stress, moisture and voltage. 


1. We are making some headway in studies of insu- 
lation but many unsolved problems remain. 


*This 


leader 


summary is based on a contributed report by 
ar 


L. Manning, Pennsylv » Transformer Divis 


Edison Company 





Round-Table Discussion—"‘Dielectrics in the 
Presence of Strong Radiation.’’* 


1. Discussion was channeled in the following four di- 
rections: 
a. establishment of equivalence between the vari- 
ous energy sources 
b. novel aspects 
c. compilation of radiation effects data 
d. effect of dose rate. 


2. Problems involved in the interconversion of radia- 
tion units were discussed by C. H. Cheek, Naval 
Research Laboratory, and D. E. Harmer, Dow Chem- 
ical Company. Dr. Cheek worked out an example 
illustrating the conversion of one radiation unit to 
another. It was agreed that before much of the 
radiation effects research already done (and now 
being done) can be effectively utilized, practical 
and reliable methods of interconversion of the vari- 
ous radiation units used by the experimenters must 
be developed and made available. These conversion 
figures need not be exact but must give the accuracy 
which they are expected to yield. 


3. Some of the problems involved in radiation effects 
measurements were discussed by J. C. Pigg, Oak 
Ridge National Laboratory, who emphasized the 
fact that the changes caused by irradiation in a 
particular material may be considered beneficial or 
harmful according to the intended use of the ma- 
terial. 


-In the absence of W. R. Langdon. who is heading 
the AIEE Compilation of Radiation Effects Data 
Project, C. G. Currin, Dow Corning Corporation, 
described the program and the form currently being 
used to abstract radiation effects articles. It was 
agreed that this is a long-overdue project which will 
be of great benefit to the field.+ 


5. The effects of temperature superimposed on a radia- 
tion ambient as contrasted to the exposure of sam- 
ples successively to radiation and temperature were 
discussed by Mr. Currin, A. J. Warner, DeBell and 
Richardson, Inc. and L. M. Epstein, Westinghouse 
Electric Corporation. It was agreed that there is no 
reason to expect temperature and radiation stresses 
applied separately to yield the same results as are 
obtained when the material is subjected to the tem- 
perature while in the radiation field. Such measure- 
ments serve merely as an introductory step to th 
measurements of radiation effects on materials while 
exposed to actual operating conditions. A number of 
laboratories, in recognition of this fact, are measur- 
ing or planning to measure the effects of radiation 
and temperature simultaneously imposed on ma- 
terials. 


. The dependence of radiation effects on dose rate as 
well as on total dosage was discussed by J. W. 
Kallander, Naval Research Laboratory, and Dr. 
Warner. It was pointed out that many of the changes 
in properties of materials which are considered a- 
functions of the total dosage depend to a great ex- 
tent on the dose rate at which the measurements are 
made. It was agreed that this dependence on dose 
rate is due, in many cases, to secondary chemical 
reactions and to the interaction of the material with 
the ambient atmosphere, especially oxygen. Thus, 
any measurements of radiation effects should give 
the information necessary to determine the dose rate 
and the ambient atmosphere conditions. 


*This summary has been contributed by Dr. J. W. Kallander, Naval 
Research Laboratory, Leader of this round-table discussion was E 
Brancato, NRL 

+See “‘Research MHorizons’’ page 12, December 1958 Exectricat 
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spherical electrodes separated by 0.0015 in. will be about 
50 per cent larger than those measured with ]-in. diam 
Rogowski electrodes because of the smaller area under 
relatively high stress. 

1. A small volume dependence of the measured electric 
strength was observed but could not be established as 
being statistically significant. 

5. Within the experimental error, the same electric 
strength was measured with brass electrodes as with 
stainless steel electrodes. 


Nuclear Radiation Effects on Air 

The literature on the effects of ionizing radiation on 
electrical discharges through air contains little, if any. 
information on the effects of modern high-energy radia- 
tion sources. such as cobalt 60, Van de Graaff generators 
and nuclear reactors. The need for studying such effects 
was pointed out by John W. Kallander, U. S. Naval Re- 
search Laboratory. Electrical equipment is frequently 
operated in high-intensity radiation fields; moreover, air 
is a common insulator. 

Two different intensities (0.60 and 0.04 megaroent- 
gens) were used at NRL to study the effects of gamma 
radiation on the electric strength of air. The cobalt 60 
source was the NRL 3500 Curie “swimming pool” source. 

Each experiment consisted of 200 breakdowns, in four 
consecutiv groups of 50 breakdowns each, conducted as 
follows: tu. first group in a nonradiation ambient, the 
second in a radiation ambient, the third in the same non- 
radiation ambient, and the fourth in the same radiation 
ambient. Each group of 50 breakdowns was analyzed 
statistically. In addition, the alternate groups (tested in 
the same ambients) were considered together and sta- 
tistically treated as single groups of 100 breakdowns 
each. Experiments were conducted at d-c and 60-cycle 
voltages and repeated with a pulse generator giving 
pulses of 1 microsec duration (with repetition rates of 
100.200 and 500 per sec). 

\ generally increasing trend in the breakdown values 
was observed within the individual groups of breakdowns 
as shown in Fig. 6 for a-c experiments. The electric 





nirroagiared 





mber 


Fig. 6—Electric strength of air in a gamma radiation ambient 
(0.60 megaroentgens per hr), also in non-radiation ambient, vs 
number of breakdown. Voltage 60 cycles. Source: U. S. Naval 
Research Laboratory. 
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Round-Table Discussion—"Dielectric Breakdown’ 


Note: This chart outline served as the basis for this round- 
table discussion. Particular emphasis was placed on mecha- 


nisms of breakdown and on time effects. Owing to the com- 
plexity of the problems, no hard and fast solutions were 
necessarily reached by the participants. 





1. Breakdown Phenomena 

Moclianienne of breakdown To wrneend mechanism> satisfactory 
for threshold in non-electronegative 
gases; y(e a _ 1) =1,° 
Space-charge distortion may lead to 
other mechanisms, e.g. streamers. 
Field emission may occur at high 
pressures. 


Gas 


Time effects 

A. Statistical time lags Decreased by irradiation or by field 
emission when it occurs (high pres- 
sures). 

B. Formative time lags At very low overvoltages (<1%), 
long time lags of the order of several 
ion transit times are observed at least 
up to atmospheric pressure (102-108 
microsec); hence Townsend mechan- 
ism adequate at small overvoltages. 
At higher overvoltages streamers 
probably occur. 


Liquid 
| Definitely involves field emission; 
may involve electron avalanche for- 
mation. Other mechanisms may in- 
volve thermal breakdown, bubble 
formation or suspended particles. 


None because of field emission. 


Longest observed formative times 
are shorter than ion transit times for 
electronic mechanisms. For thermal 
breakdown time lags are much longer 
(minutes or days) and depend on 
overvoltage, heat conduction and 
ambient temperatures. 


Electronic breakdown s as exemplified 
by the von Hippel and Frohlich 
theories. Other mechanisms such as 
thermal breakdown and breakdown 
by associated gas discharges. 


Same as liquids. 


Probably like liquids. With the 
additional possibility of fixed voids, 
very long time-lags due to degrada- 
tion by discharges (up to years) may 
occur. 





ll. Breakdown Variables 
Density (proportional to recip- | Townsend mechanism predicts ‘Pas- 
rocal of mean free path) chen’s Law; space charge deforma- 
tion and field emission (high pres- 

sures) cause deviations from Pas- 

chen’s Law. 


Gas 


Electrode spacings See Paschen’s Law above; Townsend 
mechanism predicts Ey + 0 as Pi 
; however, mechanism changes 
before this is realized, e.g. long 
sparks (streamers). Cf. electronega- 
tive gases below. 


Not observed to date; may exist 
when there is a dependence on 
cathode composition. 


Area effect 


May result in large changes in ¥; 
however, this changes sparking po- 
tential very little except at small Pé 
(1-10 mm Hg X cm); at high fields 
(high pressure) (~0.3 mv/cm) field 
emission becomes important leading 
to a cathode dependence. 


Cathode composition 


Forms own immersion medium. 
Stress concentration avoided by 
proper contours. 


Electrode application 


Liquid 


Cannot ‘conveniently change mean 
free path by pressure change as in 
gases; however, by analogy with 
gases, similar effects complicated by 
field emission might be expected. 


| 


“Same s as for gases if avalanche me- 
chanism; often confused with area 
effect for curved electrodes. If sus- 
pended matter or bubbles present, 
volume effect often noted. 


Yes, extreme value statistics apply; 
easily confused with volume effect. 


“May or may not be observed. ‘This 
may be explained by negative space 
charge deformation. For thermal 
breakdown heat conductivity of 
cathode may play a role. 


Similar to gases 


Solid 
Probably like liquids. 


E, increases for mica at small thick 
nesses (10-§ cm). Dependence on 6 
difficult to establish at usual larger 
thicknesses. E, varies inversely with 
6 for thermal breakdown. E) for long 
time breakdown under gas dis- 
charges is a function of 4/e’. If 
foreign particles or voids present, 
volume effect may be noted. 

Has been observed for thin specimens 
due to volume imperfections. 


Probably like liquids; even more 
difficult to establish because of 
scatter in results. 


In absence of immersion, medium 
surface and edge discharges lead to 
degradation and tracking. Avoided 
by selection of proper immersion 
media. 





lil. Nature of Dielectric 


Gas 
Electronic Breakdown 
A. Attainment of ionization 
energy by electrons 


} Required, 9-16 ev 


B. Barriers to attainment of 
ionization energy 


Principally, electronic excitation. Cf. 
electron attachment below. 


Electron attachment 
trapping) 


Leads to very high strength; predicts 


lower limit of > O for large 4 at 
given pressure. 


Molecular structure Electric strength simply related to 
chain length; branching unimportant; 
multiple bonds show large effect. 


Thermal breakdown Not applicable. 


Occurs in nonuniform fields, where 
ye charge created by local dis- 
charge modifies the breakdown in 
main gap. 


Breakdown by discharges 
corona) 


Liquid 


Required, <9-16 ev according to 
dielectric constant. 


excitation 
electron 


Principally vibrational 
(intra-molecular). Cf. 
attachment below. 


Trapping occurs at low fields and 
possibly at high fields. 


Electric strength simply related to 
chain length; branching decreases 
strength. 


Related to electrical conductivity 
and its temperature coefficient. Also 
depends on thermal conductivity 
(note importance of convection). 
With bubble formation due to heat- 
ing, breakdown proceeds via gap 
discharges. 


Usually nucleation of bubbles re- 
quires additional processes; ¢.g. heat- 
ing (above), field enhancement at 
oy nded particles, etc. Discharges 

rst bubble lead to degradation of 
Liquid, gassing and generation of 
more bubbles, i.c., a “bubble aval- 
anche.” 


Solid 


Required, like liquids. 


vibrations as in 
Cf. electron attach- 


Inter-molecular 
ionic crystals. 
ment below. 


Crystal imperfections or impurity 
centers may lead to similar results 
as with liquids. 


Electric strength related to lattice 
constant and vibration frequencies 
for alkali halides. 


Similar to liquids with absence of 
convection 


Even with impregnation, gas voids 
are present before voltage applica 
tion. Discharges in these lead to 
both physical and chemical deteri 
oration with ultimate electrical 
failure 


sparking potential between electrodes separated by a TERMS 


distance 5 is a function of the product p 


"This outline has been prepared by discussion co- 
leaders Dr. A. Harry Sharbaugh and Dr. J. C. Devins, the first number 
Dielectrics Studies Unit, Physical Chemistry Section, ionizations per electron per centimeter path 
General Electric Research Laboratory. + the second Townsend coefficient; the number of 
Townsend avalanche: A term used in the Town from 
send breakdown theory which is essentially a cascade the 
multiplication of electrons. In this process an electron 
produces another by collision, and the new and original gas pressure 
produce still others by further « electric field intensity 
resulting finally in an avalanche of electrons dielectric constant of solids 


only. a Townsend coefficient; the 


the cathode 


gas 


secondary electrons escaping 
per ion produced in 
electrode spacing 


*GLOSSARY 


Electronegative gas: 
ittach free 


positive 


One whose molecules tend to 
electrons to form negative ions. 


For 


electrons sllisions, 


Paschen’s Law: a given gas at pressure p, the 


JANUARY 1959 





strengths of individual breakdowns are shown as func- 
tions of the breakdown numbers. The line drawn through 
each group of 50 breakdowns is the rms straight line 
for the group. 

Further experiments are planned under new test con- 
ditions. including pulses of less than 1 microsec duration. 


Tantalum Oxide Capacitors 

A new technique for forming tantalum oxide capacitors 
was described by R. W. Berry and D. J. Sloan, Bell Tele- 
phone Laboratories (the only contributed paper dealing 
specifically with a material application). Many promising 
applications are seen, especially in printed circuits. 

The oxide has been anodically formed on thin, smooth. 
optically flat films of sputtered tantalum (4000 to 10,000 
Angstroms). Standard anodizing techniques were em- 
ployed. Formation voltages were from 10 to 200 volts. 
A gold spot was evaporated on the oxide film to form a 
counter-electrode. The diagram in Fig. 7 represents the 
structure. Capacitance, dissipation factor, insulation re- 
sistance and breakdown strength were investigated. 
Ta,O 


sistance and electric strength) formed on sputtered tanta- 


Characteristics of (particularly insulation re- 
lum were found to be superior to those formed on bulk 
tantalum metal. For an oxide film formed at voltages to 
100 volts at 105 C, room-temperature measurements of 
d-c resistance were made at voltages up to and including 
that of formation. Apparent resistivities, calculated fo 
various voltages. are tabulated here: 


{pplied Apparent 


potential Ohm- 
farads 
15,000 
60,000 
10" 120.000 


resistivity 
(volts) (ohm-cm ) 
100 9x 10 
80 2b oF a 
60 7 
Since the samples (particularly at higher voltages) 
exhibited a long polarization time, the apparent resisti- 
vities were determined after the sample had been on volt- 
age for several hours. Previously reported resistivities 
for Ta.O. are from 10** to 10° 

Capacitance per unit area and dissipation factor of 
the tantalum oxide-sputtered tantalum film capacitor show 
little difference from values obtained with the com- 
mercially produced solid tantalum electrolytic capacitors. 


ohm-cm. 


Anodized 
fontolum 











Fig. 7—Schematic showing tantalum oxide capacitor dielectric 
anodically formed on sputtered tantalum films. Source: Bell 
lrelephone Laboratories. 
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Dielectric Instrumentation 


R. H. Cole reported on four recent dielectric measure- 
ment techniques developed at Brown University: 


1. An improved and simplified general-purpose trans- 
former bridge for capacitance-conductance measurements 
from 50 cps to 500 ke. 


2. A coaxial displacement cell with dielectric plunger 
usable to 250 me for bridge measurements of ¢ and ¢” 


over wide ranges. 

3. A microwave null method. Sample length and Bethe 
coupler angle settings for zero output give ¢’ and ¢” sim- 
ply and accurately at 1 and 3 kme. 

1. A bridge for precision measurement of small di- 
electric constant differences and concentration effects in 
gases and dilute solutions. 


Methods for separating absorption current and con- 


duction current in d-c measurements were discussed by 


H. S. Endicott, General Electric Company. It was pointed 
out that in most instances no such distinction is made. 
What is commonly termed “insulation resistance” is cal- 
culated on the basis of total current which, actually, 
may be almost wholly the absorption current. 

Several alternative approaches for separating absorp- 
tion from conduction currents were illustrated. One of 
them is to measure both charge and discharge currents 
and to take the difference. When the value for conduction 
current is subtracted from the total charging current, a 
straight line is obtained for the logarithm of current vs 
the logarithm of time. When temperature is involved, it 
is frequently found that the logarithm of the leakage 
current will plot as a straight-line function of the recip- 
rocal of the absolute temperature. 

Measurements by means of current, however, may pre- 
sent difficulty when the current is very small and the 
capacitance into which it is flowing is appreciable. In 
such instances, it is easier to measure the current indirect- 
ly by measuring the voltage drop with time. A voltage 
decay method for measuring leakage and absorption cur- 
rent has been devised utilizing an electrometer connected 
in series with the voltage source and the sample. 

The problem of thermal breakdown of oil-impregnated 
paper, particularly serious in respect to failure of powe1 
cables, was explored by C. H. Dreyer and R. B. Blodgett 
of The Okonite Company. An hypothesis was proposed 
suggesting that the mechanism of thermal failure begins 
at a distinct temperature value and proceeds rapidly to 
electrical failure of the dielectric. No evidence was found 
to suggest a gradual deterioration of the paper-oil insu- 
lation as its temperature rises until thermal breakdown 
point is reached. It is believed that there is rather an 
abrupt decrease in the electric strength-temperature rela- 
tion; also the discontinuity results from a sudden rupture 
or pseudo-melting of the cellulose structure. Experi- 
mental results were cited in support of this hypothesis. 

One of the most interesting papers at the 1957 Confer- 
ence was the one by D. W. Kitchen and O. S. Pratt, Sim- 
plex Wire and Cable Company, dealing with the “treeing 
effect” in polyethylene breakdown. While no formal paper 
was presented at the 1958 meeting, the same authors em- 
ployed a motion picture film to show a number of pro- 
gressive tree formations and breakdowns in polyethylene, 
polyvinylchloride and butyl rubber at the actual rate 
of occurrence. 
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Invited General Review Papers 


Previous meetings of the Conference have featured an 
occasional “invited paper.” An innovation at the 1958 
Conference was the presentation of four invited general 
review papers, in addition to the J. B. Whitehead Mem- 
orial Lecture. Within the limitation of available space. 
the scope of some of the invited papers will be sum- 
marized here. 

In his invited paper, “Survey of Some Recent Ad- 
vances in Polymer Physics and their Relation to Di- 
electric Properties.” A. J. Curtis, National Bureau of 
Standards, covered both established theoretical aspects 
of the subject and some new areas of research. Synthesis 
of stereospecific polymers (such as the isotactic and 
syndiotactic molecular structures). was described as hav- 
ing a “near-revolutionary” effect on the entire field of 
polymer physics. The most generally known isotactic 
polymer at present is polypropylene. The isotactic poly- 
mers have extremely regular molecular configuration. 
These configurations lead to crystalline polymers where. 
previously, owing to molecular irregularities, only amor- 
phous polymers of the same chemical species were known. 

Crystallinity confers several extremely significant ad- 
vantages on the characteristics of the polymers: notably. 
a considerab'e increase in temperature service range. 
improved high-temperature dimensional stability, and 
chemical stability. The effects of polymer crystallization 
on electrical properties of the materials are likely to be 
considerable. Russian work on nylon-6 was cited which 
indicates that dielectric loss in the 30 to 70 C range is 
substantially decreased when crystallinity of the poly- 
mer is increased. 

Also reviewed in this papér was work done in the 
irradiation of polymers for the purpose of enhancing 
physical or dielectric properties. The well-known effects 
of irradiation on polyethylene (improvement in dimen- 
sional stability and electric strength) were noted. 

In general, however. irradiation of polymeric dielec- 
trics requires much more investigation since objection- 
able “side effects” may be encountered. Typical of such 
effects are: the generation of conjugated double bonds 
introduces color and sites for subsequent oxidation and 
resultant dipoles and dielectric dispersion; gaseous de- 
composition products may form bubbles either at the 
time of irradiation or during subsequent heating: a 
large number of possibly deleterious conducting ions 
are almost always introduced. 

In his invited paper, “Recent Advances in Ferro- 
electricity,’ S. Triebwasser. International Business Ma- 
chines Corporation, outlined fundamental principles and 
discussed current research activity. The discussion was 
limited to studies of single-crystal materials. Although 
much of the observed phenomena related to ferroelectric- 
ity have been explained, certain areas still present difli- 
culties. Among these areas are the uses of ferroelectrics 
for switching memory applications. It was noted that 
ferroelectrics so far investigated for such applications 
fail to exhibit a real coercive field. This characteristic is 
evidenced by the fact that small magnetic fields applied 
for sufficiently long intervals will induce switching. Other 
phenomena that require study include “fatigue” (the 
gradual decrease in the available switching signal as the 
material is cycled many times), also the apparent de- 
pendence of the loosely defined coercive field on the 
actual thickness of the crystal. 
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Round-Table Discussion—High Tempera- 
ture Insulation Systems” * 


Scope: Discussion dealt with: 
a. Insulation systems for 500 to 600 C use (air- 
craft and missiles) . 
b. New insulating systems for 200 to 300 C use. 


1. Conductor insulation and effect of conductor ma- 
terial on the insulation are major problems in 500- 
600 C systems. It was generally agreed that silver is 
the best conductor material for such systems. A new 
stainless steel clad conductor (known commercially 
as Oxalloy) appears to show considerable promise. 
Where space factor permits, double glass serving with 
silicone varnish overcoat provides reliable conductor 
insulation. 


2. For very low voltage applications, in the enamel- 
thickness range, the Ceramicite ceramic-type insula- 
tion material was reported as “very good, but very 
expensive.” Good promise was also reported for or- 
ganic enamels pigmented with glass frits and refrac- 
tories, in which the organic portion is later burned off 
during processing after the coils are wound. 


3. Layer and slot insulations made up of combina- 
tions of mica, mica paper, glass cloth and inorganic 
binders of the aluminum acid phosphate type have 
been used satisfactorily in motors and transformers at 
temperatures as high as 600 C. 


4.No entirely satisfactory potting and embedment 
compounds are yet available. The General Electric 
Company at Fort Wayne, Indiana, has developed a 
high temperature transformer in which the coils are 
potted with an inorganic cement within a hermetically 
sealed metal can. Much work is in progress to develop 
materials with sufficient moisture resistance to obviate 
the use of the can. 


5. For 200-300 C systems, a new family of organic 
polymers under development by the DuPont Company 
shows considerable potential for application in the 
same temperature range as silicones and TFE-fluoro- 
carbon. In addition to outstanding thermal and oxi- 
dation stability, exceptionally good mechanical prop- 
erties and solvent resistance are also shown. The work 
so far has been concentrated on a high-temperature 
fiber, but the polymer can also be fabricated into 
films, varnishes and wire enamels. 


*See References at end of article for pertinent 
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The outstanding problems in ferroelectricity at this 
time were summarized as follows: 

a. switching mechanisms 

bh. surface layer characterization 

c. origins of ferroelectricity in the many new materials 

recently discovered (some 14 new materials since 
1955). 

A theoretical discussion on electronic conduction in 
solids was the subject of the third invited paper, “*Anal- 
ysis of Mixed Valence Materials.” by R. R. Heikes, West- 
inghouse Research Laboratory. The paper defined the 
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Flexible Programming with Optica 


Stage and studio lighting involves com- — ceptance. a control system must provide 
plex sequences of lights in varying com- for continual and facile monitoring § to 
binations of color, intensity. form and match stage action and timing, which 
location to complement dramatic action. cannot be rigidly anticipated or fixed. A 
For labor saving and for smoother con- — photo-matrix card system combined with 
trol of high currents, automatic pro- — specially developed magnetic amplifiers 
gramming and remote control are de- provides the necessary setting visibility 


manded. For artistic and commercial ac- with control flexibility. 


Mblhagy 
Whey MAG, @ Wikis 


Compact console arrangement of manually pre-set controls for stage and studio lighting. Draw-bars operate miniature poten- 
tiometers in control circuits of magnetic amplifiers. Developed and produced by Lumitron Division, Metropolitan Electric 
Mfg. Co., Long Island City, N. Y. 
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“Punched” Cards 


\s IN MANY FIELDs of control system application, pro- 
found and detailed familiarity with the background and 
related technologies are essential to the development of 
practical control systems for stage lighting. Theatrical 
practices and problems must be understood and used to 
frame the engineering development program for a prac- 
tical stage and studio lighting remote control and auto- 
matic programming system. 

With changes and developments in the lighting art it- 
self occurring rapidly, stage lighting requirements and 
the techniques and equipment to meet them have evolved 
through the years also. Through many of the years and 
phases of stage lighting progress. the Metropolitan Elec- 
tric Mfg. Co. of Long Island City. New York. has been 
active in bringing forth new developments, manufactur- 
ing equipment and engineering installations for theatrical 
lighting of stages and, more recently, studios. The firm’s 
latest development of automatic programming and remote- 
control stage lighting systems by its Lumitron Division 
is consequently based on sound and specific understand- 
ing of the particular requirements of the craft of stage 
lighting. 

The Control Problem. The suitability and also the 
disadvantages. for the particular problem of stage light- 
ing control, of the various available basic forms of light 
intensity adjusting electrical equipment and of the various 
conceivable approaches to remote and programmed sys- 
tem control can best be considered by describing the fun- 
damental stage lighting physical situation and objectives. 
In Fig. 1. there is shown a single “cue”: that is. a repre- 
sentation of the desired change of intensity of a group 
of stage lights from Setting No. 1 (left) to Setting No. 2. 
in this case to be accomplished smoothly over a time 
interval of 10 sec to fit some particular dramatic action 
on stage. Note that the “circuits” may represent particu- 
lar lights in various relatively far-removed locations, from 
high-powered beam spotlights to various incidental light 
sources on stage. As indicated by Fig. l. during this par- 
ticular cue of 10-sec duration. Circuit 1 is to change 
from an intensity setting of “8” to a setting of “2”: 
Circuit 2 is to change from an intensity of “4 to “8. 
and so on, the setting numbers for the moment merely 
indicating relative intensity. It is obvious that with only 
the four lights to control. a single operator would have 
extreme difficulty in handling this cue smoothly and 
accurately. In actual stage and studio practice. a single 
operator may have as many as 28 circuits under his con- 
trol, so that the severe limitations of direct manual con- 
trol become apparent. 

The design of “stageboards.” that is. of lighting con- 
trol panels and consoles and by implication of the asso- 
ciated control equipment, must take into account the hu- 
man element of operation. The objective is for the oper- 
ator to serve as the functional brain and the stageboard 
as the means of producing all desired effects with a mini- 
mum of effort. Other human factors enter the design con- 
siderations with major force. For the operators, control 
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manipulation must be positive, convenient, subject to 
ready interpretation and easily understood. The forms, 
sizes, physical locations and the “feel” of controls must 
be acceptable to the operators. Particularly now, in tele- 
vision studio lighting controls. mistakes and missed cues 
in lighting can raise instantaneous havoc with carefully 
planned (and_ highly productions, so. that 
controls that are convenient for and readily interpreted 


expensive } 


by the operator are essential. In addition. the actors and 
other human and therefore variable elements must be 
contemplated control 
system. These, and the required flexibility imposed by 


specifically provided for in any 


variations in timing and lighting that may be at any 
time imposed (by stage or technical directors, for in- 
stance). lead to the simple conclusion that a stage light- 
ing board cannot be rigidly programmed for practical 
use. The design objective, therefore, is a control system 
that will relieve operators of manual effort and provide 
a centralized location for rapid. flexible and convenient 
control. 

Lighting Control. The electrical control of a light may 
be by resistance. autotransformer, saturable reactor, mag- 
netic amplifier or thyratron: these are the forms that 
have had extensive utilization. The extreme load sensi- 
tivity and low-efliciency of resistance dimmers have made 
them virtually obsolete except in the now rare installa- 
tions in which only d-e is available. High load-sensitivity 
is a serious drawback for any stage light dimmer, as it 
means that the effective significance of a particular con- 
trol setting varies drastically with the amount of load 
on the dimmer. whereas in operation it is desirable that 


Fig. 1—Diagram of single “cue” in stage lighting. During the 


l0-see period, the intensity levels of the numbered cireuits must 
change from those at the left to those at the right. 





Fig. 2 


Lumitron 3-kw magnetic amplifier dimmer. 


a particular dimmer setting have approximately the same 
significance to the operator regardless of load. The vari- 
able autotransformer dimmer has the advantages of 
being insensitive to load variations and of being very 
efficient electrically, but because of high current com- 
mutation it presents a heavy maintenance problem and 
its accuracy and flexibility are limited. 

Remote, electronic and programmed control of lights 
are possible with autotransformers: 
such systems have been devised and used, but they are 


motor-positioned 


sluggish in action, noisy and present major maintenance 
problems because of the numerous moving parts. The 
saturable reactor principle was found to be more suitable 
for electronic control systems. In this. a power winding 
in series with the lamp load is on a ferromagnetic core. 
\ d-c signal is applied to a second winding on the same 
core. The saturation of the core is controlled by the sig- 
nal, thereby controlling the effective impedance of the 
power winding and the lamp current. A single thyratron 
was often used as a preamplifier and signal rectifier in 
saturable reactor systems. These systems had inherent dis- 
advantages of load sensitivity and slow response time. An 
electronic system that is still in common use is the thyra- 
tron dimmer. This uses two thyratron tubes connected 
back-to-back and in series with the lamp load. A phase- 
sensitive control network changed the thyratron grid and 
anode voltage phase relationship and thereby controlled 
the effective load current and the average power dis- 
sipated in the lamp filaments. The high cost of tube re- 
placement and maintenance and the heat-removal re- 
quirements of thyratron systems are disadvantages. 
Magnetic Amplifier Dimmers. The best combina- 
tion of characteristics for electronic control is exhibited 
by the magnetic amplifier. In Figs. 2 and 3 are shown 
two of the forms of magnetic amplifier developed for 
stage lighting control by the Lumitron Division of Metro- 
politan. Fundamentally, this system employs two variable 
reactance devices and two semiconductor rectifiers con- 
nected back-to-back and in series with the lamp load. A 
control winding and a bias winding common to the same 
core and associated with the output winding of each reac- 
tor condition the effective reactance of the unit during any 
portion of the load cycle. The magnetic amplifier thereby 
controls the effective power dissipated in the lamp load 
and the intensity of the load. Since no moving parts or 
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Fig. 3—Lumitron 
power “windings” 
clamped together. 


10-kw magnetic amplifier dimmer, with 
consisting of flat stamped copper plates 


tubes utilizing thermal emitters are used in the magnetic 


amplifier, its basic advantage is that it is virtually main- 


tenance-free. The response time for a magnetic amplifier 
dimmer is a variable that can be easily controlled. Be- 
cause thermal inertia of incandescent lamps used in the 
theatres and studios is usually longer than the decay time 
of the amplifier, dimmer response time is of only theo- 
retical significance. A typical magnetic amplifier dimmer 
will dim. without significant change in operating char- 
acteristics, any load from 44 )th maximum load to maxi- 
mum load. Contemporary magnetic amplifier designs ex- 
hibit insignificant heat generation and therefore do not 
require elaborate heat removal provisions. 

Power amplifier dimmers inevitably generate an audi- 
ble hum with the maximum noise level at about 120 
cycles. The banks of amplifiers for the many scattered 
light outlets used in stage lighting are preferably installed 
near the stage but should not consume valuable stage 
floor space. The remote-control flexibility of magnetic 
amplifier dimmers makes it possible to locate the powe1 
amplifiers entirely on the basis of physical convenience. 
A bank of amplifiers can be placed in an area that is com- 
pletely shielded from the stage or auditorium to prevent 
any noise disturbance in the auditorium, but that pro- 
vides plenty of normal air convection and ready access, 
such as in a basement area beneath a stage. Figure 4 
shows an installation of an 80-circuit magnetic amplifier 
dimmer bank. 

The magnetic amplifiers developed and produced spe- 
fically for stage lighting control by Lumitron are made 
in two sizes with ratings of 3 kw and 10 kw (Figs. 2 and 
3. respectively). The 10-kw amplifier has a maximum 
volume of 1.6 cu ft and a weight of 146 lb, considerably 
less in size and weight than amplifiers of comparable 
power made heretofore for other purposes. It is designed 
to sustain continuous full-load operation without exceed- 
ing a temperature rise of 55 C above ambient when 
mounted in a suitable enclosure and needs no provision 
for heat removal other than natural convection. It will 
control any lamp load from one watt up to full rating 
without exceeding a tolerance of 3 per cent of variation 
of intensity at any setting from maximum to blackout. To 
eliminate phase sensitivity, the excitation signal is full- 
wave d-c. The minimum signal voltage employed is a 


regulated 30 volts d-c, which eliminates any control dis- 





Fig. 4—An 80-circuit magnetic amplifier dimmer bank. 


turbance by induction from power conductors. The rela- 
tively high level of signal maintained also minimizes 
contact problems in switching and plug connections en- 
countered in low-signal-level control systems. 

(An important design factor in the compactness and 
freedom from maintenance requirements exhibited by the 


Lumitron magnetic amplifier is the use of power “wind- 


ings” that consist of silver-flashed sheet-copper shapes, 
Fig. 5, clamped in place around the ribbon magnetic core, 
as may be seen in Fig. 3. In addition to providing rigid, 
compact windings requiring no insulation coating, the 
structure is inherently fin-cooled. The bias and control 
windings are wound directly on the cores, so that there 
is no need for slitting and re-assembling of the magnetic 
cores. Glass-base sheet insulation is used between the 
successive layers of the finned power “windings.” 

Programming. It is common theatrical and television 
practice to provide electrical outlets for spotlights and 
other lighting fixtures at many locations on the stage and 
in the auditorium. Since not all outlets will be used for 
any particular scene, it is not economically feasible to 
provide a power amplifier for each outlet circuit. A 
complete lighting control installation therefore must in- 
clude some method of programming the outputs of the 
dimmers to the load circuits that are in use for a particu- 
lar scene or production. Manual methods of interconnect- 
ing outlets and controls include the bus-grid system in 
which clips are inserted as desired between busses repre- 
senting dimmers and load circuits, rotary switch systems, 
and patch panels that operate in a manner similar to 
manual telephone switchboards. The patch panel is the 
safest and most convenient, but all of the manual systems 
have drawbacks. The rotary switch, for instance, imposes 
severe limitations in versatility because of the practical 
limit to the number of positions that can be provided in 
a power handling switch. 

With the entry of the magnetic amplifier into stage 
lighting control, it became possible to reduce the controls 
actually manipulated by the operator to miniature size, 
so that many kilowatts of lamp load might be controlled 
by a few milliwatts of signal power. Control elements can 
be small potentiometers. and the control station for dim- 
ming all of the lighting units within a theatre may be 
contained in a small console. 

In the Lumitron manually operated preset system for 
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Fig. 5—Stamped copper plate, silver-flashed, used in power 
“windings” of magnetic amplifiers is in the order of 0.040 in. 
thick and 7 in. by 3-in. overall. 


Fig. 6—A single bank of draw-bar operated linear potenti- 
ometers used in magnetic amplifier control circuits for stage 
lighting control. 


Fig. 7—Banks of draw-bar controls as assembled in a control 


console. 





stage lighting control, the basic sensitive control that 
was developed was the slide-bar potentiometer element. 
These units are designed for ready assembly in banks, 
hig. 6. 


moves horizontally over scales numbered from zero to 


The draw-bar, molded of an urea compound, 


10, representing light intensity. The linear potentiometer 
linked to each draw-bar is in the control circuit of a 
magnetic amplifier. which in turn controls the current 
to a light circuit. The convenience. visibility of settings 
and the flexibility of console design permitted by the 
draw-bar control design can be seen from Fig. 7. 

As part of a program of constant refinement. the draw- 
bar potentiometer is currently being revised to furthe: 
improve ease of operation and to permit the use of 
standard rotary potentiometers in place of the special 
linear units. In Fig. 8 is shown a development model 
of a new draw-bar, in which the scale is wider for 
readier manipulation and is rear-illuminated, and which 
employs a rack drive of a rotary potentiometer. The 
scale markings have been reversed to dark markings on 
a light background as this was found to give better 
visibility under any conditions of illumination. 

By providing two. five or ten miniature controls for 
each dimmer circuit, pre-setting of entire scenes is made 
possible. The operator. following a lighting cue-sheet. 
is simply required to “fade” from one combination of 
pre-set controls to the next combination. also pre-set, 
using master fader controls provided. During the time 
that one combination of controls is active, representing 
the desired lighting for a particular scene, the settings 
can be made on another combination to follow. In com- 
bination with the necessary cross-connecting or patching 
system, the available magnetic amplifiers can be applied 
to any lighting loads throughout the theatre as desired. 
and then programmed from the draw-bar and fader con- 
trol console. 

Card System. The only completely automatic stage 
light programming system now available is one, devel- 
oped by Lumitron and invented by their Division Man- 
ager Stephen J. Skirpan. that employs cards similar to 
punched cards, Fig. 9. On these, the load programming 
sequence can be marked in pencil or pen, depending on 
the degree of permanence desired. The cards are inserted 
into automatic readers which activate relays in the mag- 
netic amplifier control circuits. Nine full steps of lighting 


intensity, plus positions representing additional and 


*.. steps, are made available for each control circuit on 


the “cue card.” Each card represents the settings of the 
various active lights for a complete scene. With this 
light-intensity control method, a resolution of 3 per 
cent (or 4 volts) is possible. assuming a maximum dim- 
mer output of 120 volts and a linear voltage progression. 
As many as 60 circuits may be controlled with a single 
cue card. 

A typical card-controlled system console is shown in 
Fig. 10. At least two card readers are part of each such 
system. Depending upon the positioning of the master 
fader which controls the transition from control by one 
card reader to the other, the readers are alternately in 
an “active” status. While the “active” 
reader is controlling the load circuits marked on one cue 
card, another card may be inserted in the alternate or 


or “preview” 


reader. A limitless sequency of presets is 
fades” 


“preview” 
therefore possible, with smooth, proportional 
from one scene to the next. While the cards are in the 
readers. they are entirely visible to the operator so that 
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Fig. 8 —Development model of draw-bar control with rotary 


potentiometer. 


the control markings are observable at all times. While 
completely automatic as far as is desirable for stage 
lighting control, the system is under the control of the 
operator at all times. As may be seen in Fig. 10, each 
card system is paralleled by a manual draw-bar array 
that can take over control of any dimmer circuit at any 
time desired. for emergencies or for scenes in which there 
are particular lights that are changing rather than being 
used in a static combination. The manual system is also 
useful for setting up the scene lighting combination prior 
to marking the card. One of the strong advantages of the 
card system is that a permanent and_ indefinitely re- 
usable record of all the lighting sequences for a given 
show can be easily stored. although any desired changes 
can readily be made. 



































Fig. 10—Card-controlled stage lighting console. Two card- 
readers are shown, which are alternately “active” and “pre- 
view.” Fading from one condition to the other is accomplished 
by the draw-bar controls between the readers. Manual control 
of the lighting circuits can be instantly taken over by the 
individual circuit draw-bar controls at the top of the console, 
provided for full flexibility. 
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Fig. 9—Card 


used 


stage 
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lighting automatic programming control measures approximately 


In the card reader, the relative opacity of the manually light illuminating the card is complemented, using a 
marked areas on the cue card causes an increased voltage pink gelatin filter over the card. 
drop to appear across a cadmium sulfide photo-resistor. Two translation networks, “A” and “B.” are provided 
These resistors are contained in a flat cross-milled plate for data insertion, Fig. 11. The voltage drop across a 
or matrix, one photo-resistor for each position on the particular photo-resistor, due to an opaque spot on a 


cue card. 


card, triggers a transistorized bi-stable gating circuit, 


\ film mask between the matrix and the light source causing it to close and to select the indicated regulated 


prevents undesired fringe illumination of adjacent photo- voltage bus to apply to the control circuit of the particular 
resistors. The response characteristic of the photo-re- magnetic amplifier. The control signal is full-wave d-c. 


sistors is similar to the light-emission characteristic of which is ideally suited to power amplifier excitation. 
a “green” fluorescent lamp. which is used as the light Since each of the separate steps, as represented by the 


source in the card reader. In order to approach white control voltage busses, has a regulated adjustable power 
light for the operator in viewing the card. the green supply, any output curve configuration is possible. The 
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spots on the cue cards can have any desired significance 
in terms of light intensity: they need not represent uni- 
form steps of either voltage or of light intensity, but can 





‘A o 7 a . 
translation be tailored to meet individual needs or preferences. This 
network is of material consequence in lighting control, since incan- 


Tr 





descent bulbs. which are used in stage lighting, do not 
have a linear relationship between applied voltage and 
effective “intensity” to the eye, and color of lights adds 








another variable factor so that equal voltage steps. for 





instance. would not be desirable. 
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Fig. 11 Block diagram, Lumitron 
card pre-set system for stage lighting 
control, 
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PAUL G. JACOBS 


{ssociate Editor 


Ly the past decade there has been an unprecedented interest 
in semiconducting materials as a result of the discovery of the 
transistor by Bardeen and Brattain at Bell Telephone Labora- 
tories in 1948. It is the purpose of the article beginning on the 
facing page to discuss the physics of these materials and in par- 
ticular that physics needed to understand the large number of 
devices which has emerged in recent years from the concerted 
efforts of the many workers in this field. 

The article presents a detailed outline of the physics of con- 
duction processes in semiconductors and introduces the language 
as background for a discussion of the physical basis of operation 
of semiconductor devices. Theory of operation of each class of 
semiconductor component is then described in terms of parame- 
ters as a function of operating point and temperature, together 
with interpretation and application of static characteristics. The 
article is designed to aid the engineer in evaluating and specifying 
semiconductor devices. 

It is hoped that our continuing efforts toward enhancement and 
clarification of fundamental concepts will serve to acquaint the 
reader more fully with various items of useful electrical devices 
and add to his basic knowledge. It is believed that enlarging upon 
this understanding of fundamental principles and the procedures 
by which these principles are applied is most important. 

The more “complete” engineer, one well-grounded in the basic 
sciences and engineering principles, is the one most likely to 
succeed in achieving the design breakthroughs so vital to our 
economic welfare and. to a great extent, the security of the 
free world. 

Basic reappraisal of engineer training is a dominant topic in 
scientific and educational circles. In the present era of technical 
specialization, it is increasingly difhieult for the conscientious 
and inquiring engineer-in-practice to remain a widely informed 
and broadly able professional. It is relatively easy to become an 
expert in a given subject. However, it has become increasingly 
important to have more than a nodding acquaintance with other 
specialties. 

To keep pace, or stated perhaps less modestly. to help set the 
pace that we feel is required for a publication to serve the needs 
of today’s design engineers effectively, we begin in this issue a 
major expansion of our publishing concept. Our editorial pro- 
gram will be twofold: in addition to our regular articles on com- 
ponent and materials evaluation and application and other facets 
of design engineering of electrically energized products, we plan 
to present special feature material in every issue to serve the 
creative areas of design engineering. The aim of our new series 
of basic science and engineering articles is to provide cross-fer- 
tilization among the various specialties in our field. 

To set the material apart from “run-of-book” articles, these 
monthly features will be printed on a special paper stock. Reprints 


will be sold. Ordering information can be found on page 200. 
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INFRODUCTION TO 
SEMICONDUCTOR THEORY 


RUTH F. SCHWARZ, Physicist 


Research Division 
PuiLco CORPORATION 
Philadelphia, Pa. 


As THE NAME INDICATES, a semiconductor is a mate- 
rial which conducts electrical current rather poorly 
compared to a metal, the electrical conductivity of 
metals being of the order of 10° mho/cm. The most 
useful semiconductors at present are germanium and 
silicon, but there are many other materials which have 
semiconductor properties and which are attracting the 
attention of the researchers in this field. Among these 
are the intermetallic compounds indium arsenide, in- 
dium antimonide, gallium arsenide, gallium phosphide, 
bismuth telluride, etc. 

The electrical conductivity of a given semiconduct- 
ing material is not nearly so well defined a quantity as 
that of a metal. In fact, the interesting and unusual 
property of these materials is that their electrical con- 
ductivity can be changed drastically by almost any- 
thing that is done to them. For example, the con- 
ductivity of some of these materials can be changed 
by orders of magnitude by replacing one out of every 
million atoms in the crystal by an atom of a different 
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material (an impurity atom). /n addition, the con- 
ductance of some crystals can change by orders of 
magnitude by shining small amounts of light on them. 
The conductance can be an exponential function of 
temperature, and it can have a strong non-linear de- 
pendence upon the voltage applied across the crystal 
or upon an applied magnetic field. All of these dra- 
matic changes can soon make the researcher feel that 
he is dealing with black magic rather than science, 
unless his experiments are carefully controlled. Today, 
the state of the art is such that these properties are 
not only reasonably well understood, but also remark- 
ably well controlled. It is indeed a result of all these 
strong dependencies of the conductivity, and the ability 
to control them, that the semiconductors can be made 
into so many useful devices. 

The current which passes through a metal when a 
battery is placed across it is a result of a net electron 
flow. There are many electrons in a metal (approxi- 
mately 10°’ per cu cm) which are roaming about in a 
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somewhat random fashion. These electrons are on the 
average driven toward the positive terminal of the 
battery when current is flowing. However, the charge 
in the metal as a whole is zero. The negative charges 
of the electrons are balanced by the immobile positively 
charged atomic nuclei. While the battery draws elec- 
trons out of the metal at the positive terminal, it is 
at the same time replacing these electrons with an 
equal number from the negative terminal. The total 
net charge in the metal thus remains zero. 

In the semiconductors there are many less electrons 
which are free to carry current, and thus these mate- 
rials have correspondingly lower conductivities. How- 
ever, there is another type of charge carrier in the 
semiconductors which gives currents which can be 
comparable to, or even greater than, the electron cur- 
rents. These carriers, while having many properties 
similar to those of normal electrons, behave as though 
they have a positive charge. These positively charged 
carriers are called holes. The fact that there are both 
positive and negative charges which are free to con- 
duct means that the total number of current carriers 
in the semiconductor can be changed without dis- 
turbing the charge neutrality of the material. The 
amount of electric current which the semiconductor 
can pass for a given electric field can thus be varied 


Theory 


Semiconductors, as well as metals, occur in the solid 
state as crystals. A crystal is little more than an over- 
sized molecule, where the atomic nuclei have a periodic 
array. A crystal 1 cu cm in size would contain approxi- 
mately 10°* atoms. The tightly bound inner electrons 
of each atom in such an array remain associated with 
their own nucleus. On the other hand, the outer or 
valence electrons form chemical bonds and are shared 
with their nearest neighbors. Silicon and germanium 
atoms, for example, have 14 and 32 electrons respec- 
tively. Of these, 10 and 28 (respectively) are tightly 


AF Sa 
. nN 
Me 


~ \ 


Fig. 1—Schematic (or plane) diagram of a diamond lattice. 
The black dots represent an atomic nucleus, the lines are 
electron-pair bonds, and the shaded areas show the regions 
of the crystal having greatest probability of valence electron 
location. 
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in accordance with the number or electrons and holes 
which are free to conduct. 

The electrons and holes in a semiconductor are in 
many ways very similar to the positive and negative 
charges which exist on the plates of a parallel-plate 
capacitor. When a capacitor is charged, the battery re- 
moves electrons from one plate, leaving it positively 
charged, and places these electrons on the other plate 
to give it a negative charge. Energy has been supplied 
by the battery to separate these charges. In a very 
similar way, external sources of energy (such as bat- 
teries, heat or light) can be used to generate more 
holes and electrons than would normally exist in the 
semiconductor. Indeed, just as the capacitor plates 
would have no stored charge in the absence of the 
external energy source (i.e., the battery), so also the 
semiconductor at a temperature of absolute zero, when 
it has no stored thermal energy, would have no free 
charge carriers. It would thus behave as a perfect in- 
sulator and conduct no current. 

The section which follows, called the Theory of 
Solids, is meant to give some insight into how these 
two types of charge carriers are thought to exist in 
semiconductors. (For those readers who are willing to 
accept the existence of two types of charge carriers, the 
remainder of the article is written in such a way that 
it does not depend on the information in this section.) 


of Solids 


bound electrons while 4 are valence electrons. If each 
of these atoms could somehow acquire four more elec- 
trons (without gaining the added charge) they would 
look very much like the chemically inert atoms argon 
and krypton, which have 18 and 36 electrons, respec- 
tively. Silicon and germanium atoms can most nearly 
find themselves in this chemically self-satisfied state of 
affairs if they share an electron with each of four 
neighboring atoms. 

In a germanium or silicon crystal each atom has 
only four electrons of its own in the outer shell, so 
that the total electronic charge equals that of the 
charge on the nucleus; but with four neighboring atoms 
in a symmetrical arrangement each atom completes its 
requirement for eight outer electrons on a time-sharing 
basis. These neighboring atoms in turn share their four 
electrons with their four neighbors, and so on. The 
crystal is thus held together by these covalent elec- 
tron-pair bonds in much the same way that the two 
hydrogen nuclei are held together in a hydrogen mole- 
cule. The resulting structure is shown schematically in 
Fig. 1, where the balls represent the nuclei and the lines 
the electronic bonds. 

Each atom in a pure germanium or silicon crystal 
can be thought of as sitting in the center of a tetra- 
hedron, with its four nearest neighbors sitting on the 
four corners of the tetrahedron. Such a structure is 
called a diamond-type lattice because carbon forms 
this same structure to give diamond. Germanium and 
silicon appear in Column IV of the periodic table of 
the elements. Semiconductor materials can also exist in 
‘he form of certain compounds. A useful class of 
these is the intermetallic compounds made up of ele- 
ments from Columns III and V of the periodic table. 
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Fig. 2—Energy level diagram for an electron in a hydrogen 
atom. One electron-volt 1.6 10°” joules. 


Most of these compounds also have the diamond-type 
crystal structure, with every other atom being of one 
metal (for example, indium), and the remaining atoms 
being of another metal (for example, antimony). 


Electron Energy Levels 


As a result of research into the quantum theory of 
atoms, it is by now a well-established fact that an elec- 
tron rotating about a nucleus can have only certain 
discrete energies. Since these energies represent a bond 
holding the positive nucleus and the electron together, 
the total energy of such an electron is less than that 
of a free electron. That is, one must supply energy to 
the electron in order to free it from the nucleus. Fig- 
ure 2 shows the allowed energies of the electron in a 
hydrogen atom. The lowest possible energy (labeled 
level / in Fig. 2) corresponds to the electron spend- 
ing most of its time very near the hydrogen nucleus. 
This is the state in which the electron in the hydrogen 
atom normally finds itself since this is its lowest allowed 
energy and thus its most stable configuration. The elec- 
tron can absorb energies from external sources (such 
as light, heat or electrical energy) if the amount of 
energy supplied is just equal to the difference in energy 
of two of the allowed states. By measuring the energies 
which the electron can absorb, one can experimentally 
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determine the allowed energres of the electron. When 
an electron absorbs energy and finds itself in a higher 
State, it also finds that it is spending most of its time 
farther away from the nucleus. When it absorbs suffi- 
cient energy it finds itself so far away from the hydro- 
gen nucleus that it no longer feels the effects of it 
and it becomes a free electron. Once an electron is free 
it is no longer choosy about what energies it can absorb. 
It can take on any amount of energy which is supplied 
to it. This situation corresponds to the continuum of 
allowed energies shown in Fig. 2 for energies greater 
than zero. Once free, the electron obeys all the laws 
of classical physics; i.e., it can be treated as a particle 
which is accelerated by electric fields, etc. 

The scheme of allowed energies for the electrons in a 
heavier atom such as germanium would be qualitatively 
much the same as that of hydrogen, although the lower 
energy states would correspond to much lower energies, 
due to the greater force of the larger positive charge on 
the nucleus. Now there is a law of quantum theory 
known as the Pauli Exclusion Principle. This principle 
states that only two electrons in the atom can occupy 
each allowed energy state at any given time. Thus the 
lowest 16 states of a normal germanium atom would 
be filled with electrons. 

What is the corresponding energy scheme for the 
electrons in a solid crystal? The electrons which are 
tightly bound to a given nucleus and not shared by 
other nuclei do not feel much effect from the other 
nuclei which are much farther away. Their energies 
must be much the same as they would be in a single 
atom. On the other hand, the valence electrons which 
are sharing themselves with other nuclei and holding 
the crystal together will have their allowed energies 
affected by these nuclei. In fact, any given nucleus 
doesn’t much care which electrons it shares—provided 
it is sharing the proper number. Thus, if one tries to 
follow a given valence electron in the crystal, he is just 
as likely to find that particular electron around any one 
nucleus as another. This means that the valence elec- 
trons, although still bound to the nuclei of the crystal, 
are quite free to hop about from one nucleus to the 
other through the whole volume of the crystal. 

The quantum theory of solids exhibits this almost 
free character of the valence electrons by spreading 
the discrete energy levels which they would normally 
occupy in the atom (and also the higher discrete un- 
occupied energy levels of the atom) into bands of ex- 
tremely closely spaced energy levels. The spacing of 
the allowed energies in the bands depends upon the 
total number of atoms which make up the crystal. The 
bigger the crystal the more closely spaced will be the 
levels. For any crystal of reasonable size, the levels 
will be so close that, for all practical purposes, the 
electrons within the band see a continuum of allowed 
energies as does the free electron. The energy scheme 
for electrons in a solid crystal is thus as shown in 
Fig. 3a. These bands usually spread over a wide range 
of energies, and after one or two such bands, the bands 
begin to overlap, giving a set of almost continuous 
energies on up to the energy corresponding to the elec- 
tron being freed from the crystal. Once freed from the 
crystal, the electron sees a set of continuous energy 
levels as it does when freed from an atom. The Pauli 
exclusion principle, when applied to solids, predicts 
that when the crystal is in its lowest possible energy 
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Fig. 3—Energy level diagrams showing (a) allowed energies 
of an electron in a hypothetical solid; (b) occupancy of energy 
levels by electrons in a perfect metal; (c) occupancy of energy 
levels by electrons in a perfect semiconductor or insulator. 


state, the uppermost band which is occupied by elec- 
trons will either be half filled or completely filled. If 
the band is half filled, the material is a metal; if it is 
completely filled, the material is a semiconductor or an 
insulator. (Fig. 3, b and c). The uppermost band which 
is not completely filled with electrons is known as the 
conduction band. In the case of the semiconductors 
and insulators, the conduction band of the perfect 
crystal is empty. The band below the conduction band 
is called the valence band. The energy difference be- 
tween the edges of the conduction and valence bands 
is referred to as the forbidden energy gap. 

Metals, semiconductors and insulators at zero de- 
grees Kelvin would have their electrons in their lowest 
possible energy states as depicted in Fig. 3 (b and c). 
At higher temperatures the crystals can acquire thermal 
energy from their surroundings. This thermal energy 
has mainly gone into setting the atomic nuclei into 
vibrations about their equilibrium positions in the 
crystal structure. The atomic nuclei are perfectly happy 
to share some of this thermal energy with the electrons, 
if the electrons are capable of absorbing it. 

In a metal the electrons near the middle of the 
conduction band see many available unoccupied states 
of higher energy in the top half of the conduction 
band. These electrons will readily pick up energy from 
the vibrating nuclei and move to higher energies in the 
band. After a short time, such an excited electron will 
pass some of its excess energy back to a nucleus and 
drop again to a lower unoccupied energy state. When 
the electrons are on the average absorbing energy from 


110 


the nuclei at the same rate as they are giving energy 
back, they are said to be in thermal equilibrium. This 
interchange of energy has the effect of smearing out the 
well-defined level of occupancy and unoccupancy of 
energy states which existed in the metal at absolute 
zero, just as disturbances in the ocean smear out a 
well defined sea level. 


Electrons and Holes 


In the semiconductors and insulators, the electrons 
are not free to absorb just any energy which the nuclei 
and the surroundings would like to share, since there 
are no available energy states immediately above those 
which they are already occupying. An electron can 
only absorb energy from a nucleus, for example, if the 
latter can scrounge up enough vibrational energy to 
kick the electron over the forbidden gap. There will 
be a few nuclei which have sufficient energy to do this. 
Upon passing into the conduction band, the electron 
leaves behind a vacant energy state in the valence 
band. This vacancy in the otherwise full sea of elec- 
trons is known as a “hole.” In the pure semiconductor 
or insulator, electrons in the conduction band and holes 
in the valence band will always occur in pairs. As 
might be expected, their number will be many orders of 
magnitude smaller than the number of atoms in the 
crystal and will decrease exponentially with the width 
of the forbidden energy gap as well as the reciprocal of 
the temperature. If this number of hole-electron pairs 
is trivially small, the material is classed as an insulator; 
if the number is of a significant size, the material is 
classed as a semiconductor. The distinction between a 
semiconductor and an insulator is thus only quantitative 
rather than qualitative. Figure 4 shows a schematic 
diagram of a crystal in its thermally excited state. 
Figure 5 depicts the energy distribution of the electrons 
and holes at thermal equilibrium. 

If an electric field is placed across the semiconductor, 
the force of the electric field can act on the thermally 
generated electrons in the almost empty conduction 
band and raise them to a higher energy level. The holes 
in the almost full valence band can also absorb energy 
from the field by being forced deeper into the valence 
band, thus raising the sea of valence electrons above 
them. A hole thus behaves much like a weightless 
cork submerged in an otherwise full glass of water. 
Indeed, Archimedes’ Principle states that “due to the 
gravitational field, there is a force on the weightless 
cork submerged in water which is equal and opposite 
to that which would exist on the mass of water which 
the cork has displaced.” Thus, while the water will 
drop in the gravitational field, the cork in the water 
will rise. We can write an equivalent Archimedean 
Principle for the hole in the valence band: Due to the 
electric field, there is a force on the hole in the valence 
band which is equal and opposite to that which would 
exist on the charge of the electron which the hole has 
displaced. While an electron moves up higher into the 
conduction band in the presence of the field, the hole 
will be pushed deeper into the valence band. Therefore, 
both the electrons in the conduction band and the holes 
in the valence band can absorb energy in an almost 
continuous manner, and can be treated as almost free 
particles—provided that the hole is assigned a positive 
charge equal in magnitude to the charge on the electron. 
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Charge Carriers in Motion. The fact that the elec- 
trons and holes can be treated as almost free particles 
means that they can be assigned the essential properties 
of a free particle. That is, they can be considered as 
localized in a small volume of space at any given time, 
and they can be assigned an effective mass. The exact 
values of their effective masses will depend upon the 
details of the distribution of energy states in the con- 
duction band and valence band, but one would expect 
them to be of the same order of magnitude as the mass 
of a truly free electron. 

In the absence of electric fields, the electrons and 
holes will be roaming about the crystal in a purely 
random fashion, changing their speed as well as thei 
direction of motion each time they exchange energy with 
the vibrating nuclei. A typical path would be as shown 
in Fig. 6a. In the times between collisions, all the laws 
of free particles will apply to their motion. Thus, in 
the presence of an electric field, they will be accelerated 
between collisions with the nuclei. Upon interacting 
with the nuclei, they will pass to the nuclei the excess 





Fig. 5—Energy-level distribution of electrons and holes in a 
crystal at thermal equilibrium. 
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energy gained by the field, thus heating up the crystal. 
This acceleration between collisions will give a pre- 
ferred direction to the otherwise random motion of the 
electrons and holes and produce a current. See Fig. 6 
(b and c). The current will depend upon the number 
of free charge carriers and the mean velocity which 
they can gain in the field between collisions with the 
nuclei. 


Impurities 

The discussion so far has been limited to pure 
crystals. Impurity atoms can appear in the lattice 
structure in one of two ways. They can replace one of 
the fundamental atoms in the periodic array, fitting 
themselves into the structure the best that they can. 
For example, an indium atom will substitute itself for 
one of the germanium atoms in a germanium crystal 
and is called a substitutional impurity. Other impurities 
may find it too difficult to fit into the lattice structure, 
and sit in a position between the atomic nuclei. The 
latter tvpe is called an interstitial impurity. The effect 
which impurities can have on the concentrations of 
electrons and holes can be seen by examining how two 
particular types affect germanium. Both of these types 
are of the substitutional variety 

Donor Impurities. Let us first consider atoms from 
Column V of the periodic table, such as arsenic or 
antimony. These atoms can easily fit into the ger- 
manium lattice structure, except that they have five 
valence electrons to share instead of four. These five 
valence electrons will look like any other valence elec 
trons to the impurity atom. Thus, while there will 
always be an extra valence electron near the impurity 
atom to balance the charge on its nucleus, this extra 
valence electron is just as likely to be any one of the 
enormous number of valence electrons in the crystal 
as another. This implies that any given valence electron 
has a slightly greater probability of being found in the 
neighborhood of the impurity atom than in the rest of 
the crystal. The extra electron is almost—but not quite 

capable of being shared by the whole crystal. Energy 
wise, it can almost but not quite fit into one of the 
bands. It can not even almost fit into the valence band, 
as this band is full without it. It must therefore almost fit 
into the conduction band. This state of affairs may be 
characterized by placing a discrete energy level fo 
each impurity atom in the forbidden gap very close 
to the bottom of the conduction band. At absolute 
zero, these discrete levels will be filled by the extra 
valence electrons and, as in the pure crystal, there will 
be no carriers free to conduct. Figure 7 is a representa 
tion of energy level occupancy In a crystal containing 
impurity. However, only small amounts of 
thermal energy are necessary to break the weak bond 
which exist between the extra electrons and their parent 
impurity nuclei. At normal temperatures, they can 
easily be kicked into the conduction band where there 
are many available energy states. The number of free 
electrons in the crystal is thereby increased 
purities are called donors, since at normal temperatures 
they can donate an electron to the conduction band 
When the extra electron becomes free, it is no longer 
localized near its donor impurity 
thus has associated with it a net localized positive 
charge. 
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The vibrating nuclei are of course still generating 
hole electron pairs by kicking electrons over the for- 
bidden gap as they did in the pure crystal. Let us call 
this means of generation direct generation (to distin- 
guish it from other ways of thermally generating hole- 
electron pairs, which will be discussed later). Now, 
when the crystal is in thermal equilibrium, the electrons 
must be dropping back into the holes at the same rate 
as the pairs are being generated. Otherwise the number 
of hole-electron pairs would increase indefinitely with 
time. When the free electron falls back into the hole, 
the pair is said to have recombined directly. Since it 
takes both an electron and a hole to recombine directly, 
this rate of recombination is proportional to the product 
of the number of electrons and the number of holes. 
The rate of direct generation of hole-electron pairs is 
normally not affected by impurity atoms.* So also, the 
rate of direct recombination will not be affected by 
these atoms. Thus the product of the number of elec- 
trons and the number of holes will be independent of 
impurity concentration and equal to the product for the 
pure crystal. That is, 


pn n;’ (a) 


where p represents the number of holes per cu cm, and 
n, the number of electrons or holes per cu cm in the 
pure crystal. Since the donors increase the number of 
electrons, they must correspondingly decrease the num- 
ber of holes as indicated by Eq (a). Figure 7 shows 
the distribution of electrons and holes at thermal equi- 
librium for normal temperatures. 

The net charge associated with empty donor states 
is marked in Fig. 7. No net charge has been added to 
the crystal by adding the impurity atoms. Thus, the 
sum of the charges associated with the empty donor 
states, the electrons, and the holes must add up to 
zero, just as the sum of the charges of the electrons 
and holes adds up to zero in the pure crystal. 

Acceptor Impurities. The opposite effect can be had 
by substituting into the germanium structure impurity 
atoms from Column III of the periodic table, such as 
gallium or indium. These atoms have only three valence 
electrons to share instead of the usual four. The im- 
purity atoms again do not care which three out of the 
whole sea of valence electrons they share. Thus, for 
any given valence electron, there is a slightly smaller 
probability of finding it in the neighborhood of the 
impurity atom than in the rest of the crystal. The 
energy state associated with the missing electron is 
almost, but not quite, shared by the whole crystal. This 
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Quantitative Aspects 


In this section we shall recapitulate the essential 
points of the previous section, and while so doing write 
down in equation form the laws which govern the 
concentrations of the charge carriers and the currents. 

Our picture of the semiconductor crystal is by now 
one in which the negative electrons and the positive 
holes are roaming about the crystal in the random 
fashion shown in Fig. 6a. They move with a certain 
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can be characterized by taking the energy state which 
would normally be associated with the missing electron 
(i.e., one of the many states in the valence band) and 
raising it slightly above the valence band. Since the 
electron associated with this state is missing, the dis- 
crete state so produced is empty at absolute zero. There 
will be one such discrete state for each impurity atom 
of this type. (See Fig. 8a.) At normal temperatures, 
the vibrating nuclei can easily impart enough energy to 
electrons to move them from the valence band into the 
nearby empty discrete states, thereby creating a hole 
which is free to conduct. Since these impurities can 
accept an electron from the valence band to create a 
hole, they are called acceptors. When the impurity atom 
accepts an electron, it has four valence electrons 
spending time in its vicinity, rather than the three 
which were necessary to balance the charge on its 
nucleus. There is thus a net negative charge localized 
in space about each acceptor impurity. Again, the 
product of the number of electrons and number of 
holes will not be changed. Since the hole concentrations 
have increased, the electron concentrations must have 
decreased. (See Fig. 8b.) No net charge has been 
added to the crystal. The net charge associated with 
the number of electrons, holes and filled acceptor states 
must add up to zero. 

Most impurities will not have such a well-defined 
ability to donate electrons to the conduction band or 
accept electrons from the valence band. They will in 
general tend to introduce discrete allowed energy states 
somewhere in the forbidden energy gap. If these levels 
lie near one of the band edges, they will tend to affect 
the concentrations of the free carriers at thermal equi- 
librium. If they lie near the middle of the forbidden 
gap, they will not tend to affect the concentrations of 
free carriers. They may, however, grossly change the 
rate at which the vibrating nuclei can generate hole- 
electron pairs. Besides kicking electrons directly over 
the forbidden gap, the nuclei can now also kick elec- 
trons up in two steps, by first taking them to the im- 
purity levels and then to the conduction band. Each 
step will require only about half the energy involved 
in the entire transition. There will be many more 
nuclei with sufficient energy to take the electrons to 
the halfway mark. At thermal equilibrium, this new 
indirect means of generating hole electron pairs must 
be balanced by the same indirect means of recombina- 
tion. That is, the free electron first falls into the im- 
purity state and then into the valence band. The 
average time during which any given hole-electron pair 
can exist has thus been diminished. This average time, 
which will be an important parameter in the later dis- 
cussions, is known as the charge carrier lifetime of the 
material 
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speed in a certain direction for a period of time, then 
interact with one of the heavier more immobile nuclei 
which make up the crystal lattice structure. Upon so 
doing, they change their speed as well as their direc- 
tion of motion. They will have a certain “mean free 
time between collisions” with the nuclei, dependent 
among other things upon the temperature; and a cer- 
tain “mean speed,” dependent upon their effective mass 
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and the temperature. The interactions of electrons or 
holes with the nuclei represent a transfer of energy 
either from the electrons or holes to the nuclei or 
vice versa. At thermal equilibrium this transfer of en- 
ergy is just as likely to be from the nuclei to the 
electrons or holes as from the electrons or holes to the 
nuclei, so that on the average there is no net transfer 
of energy. 

If an electric field is applied across the crystal, the 
holes will gain a velocity, v,, in the direction of the 
field in each mean free time between collisions that is 
proportional to the electric field strength. Upon inter- 
acting with the nuclei, the extra energy gained by the 
electrons is on the average passed to the nuclei and 
the crystal heats up. Thus the extra velocity gained 
between collisions is 


up ( l ) 


where E is the electric field strength. The constant of 
proportionality, «,, is defined as the hole mobility and 
depends upon the mean free time between collisions 
as well as the effective mass. The electric field has 
given a slightly preferred direction to the otherwise 
random motion of the holes. (See Fig. 6b.) On the 
average, the holes appear to be moving through the 
crystal in the direction of the field with a velocity v,. 
Similarly, the electrons are on the average moving in a 
direction opposed to the field (Fig. 6c) with a veloc- 
ity v,. Thus, 

Van ul E ( 2 ) 
where ,,, is defined as the electron mobility. The elec- 
tric current flowing through a unit area of crystal is 
given by the product of the charge on each carrier, 
the density of carriers, and the velocity with which they 
can move. Thus, 


(qu,n gu,p )E (3) 


where j is the current density, q is the magnitude of 
the electronic charge, and n and p are (respectively) the 
numbers of electrons and holes per unit volume of 
crystal. Since a negative charge moving in one direc- 
tion is equivalent to a positive charge moving in the 
opposite direction, the contribution of the electrons and 


holes to the current add. The quantity (qy,n GpyP ) 
is defined as the conductivity, «. The conductivity is the 
reciprocal of the resistivity, p. Thus 


p (qu,n GHpP ) (4) 


In pure semiconductors, conservation of charge im- 
plies that the number of free electrons must equal the 
number of holes in the pure crystal. Thermal energy 
has supplied the energy necessary for their creation. 
Statistics show that at thermal equilibrium, the product 
of the density of electrons and the density of holes is 
given by 

pn n AT? exp ( AKT) 
Here n;, known as the intrinsic carrier concentration 
is equal to the concentration of electrons or holes in 
the pure crystal, FE, is the energy of the forbidden gap, 
T is the absolute temperature, k is Boltzmann’s con- 
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Fig. 6—Paths of current carriers through a crystal: (a) typical 
random path in the absence of an applied field, (b) equivalent 
path of a hole in the presence of a field, (c) equivalent path of 
an electron in the presence of an electric field. 
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stant (which enters in most statistical analyses), and 
i is also a constant, the exact value of which depends 
on the details of the energy bands. The constant / will 
vary slightly from one semiconductor material to an- 
other, but will usually be of the order of 10°* cm~* deg 
Ihe forbidden energy gap is an intrinsic property of 
the material and is usually given in electron volts. (One 
electron volt equals 1.6 « 10° joules.) The value of 
E,, may lie anywhere from about 0.2 electron volts, as 
in indium antimonide, to about 6 electron volts, as in 
diamond. Because of this high energy gap, the latter 
is still an insulator at room temperature. For compari- 
son, KT at room temperature (i.e., 300 K) is 0.025 
electron volts. The approximate values of Ey, pn, yp, 
and p for several of the pure semiconductors at 300 K 
are given in Table I. As can be seen from the table, 
n; iS a strong function of the forbidden energy gap. 
[he intrinsic resistivity p; is therefore also a strong 
function of the forbidden energy gap. As can be seen 
from Figs. 9 and 10, n, and p, are also strong functions 
of the temperature 


Effects of Impurities 
At normal temperatures, impurity atoms of the 
proper variety can either donate an electron to the 
conduction band or accept an electron from the valence 
band, thus creating a hole. (See Figs. 7 and 8.) For 
example, antimony and arsenic are particularly efficient 
as donors in Ge and Si, while indium and gallium are 
particularly efficient as acceptors. Each impurity atom 
which has donated an electron has acquired an immo 
bile positive charge. Each impurity atom which has ac- 
cepted an electron has an immobile negative charge. 
Conservation of charge implies that 
Np — AN Dp n (6) 


f 
Here N, is the number of ionized donor atoms per unit 
volume of crystal and N, is the number of ionized 
acceptor atoms per unit volume. Unless the number of 
donors or acceptors is very large, the pn product is 
not affected by these impurities and is given by Eq (5) 
Together, Eqs (5) and (6) determine the number of 
electrons and holes in the impure or “doped” crystals 
If n is greater than p, the material is said to be n type 
If p is greater than n, the material is said to be p type. 
The larger of the two types of charge carriers is said 
to be the majority carrier. Thus, electrons are the 
majority carriers in n-type material and holes are the 
majority carriers in p-type materials. The smaller of 
the two types of charge carriers is said to be the 
minority carrier. If the magnitude of (Np — N,) is 
significantly larger than the intrinsic concentration, n,, 
the majority carrier concentration will be approximately 
equal to (N, N,) and will be independent of tem- 
perature over a wide range. This temperature range is 
known as the extrinsic range. In this range (see Fig 


Table I—Intrinsie Properties of Some 
Semiconductors 





Semicon l I 
ductor ron volt ni ) v volt sex ohm-cm 


InSb ( 57 ) 0 0045 
Ge ; 47 
GaAs 5 31 & 4 4 ~10 
Si ] l L 22 3 x10 
InAs 7X10 22.6 0.1 
PbS 4 , 2 3.1 
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Fig. 11—Electric fields induced in a crystal by a maenetic 
field placed at right angles to an applied electric field 


Fig. |. t fields induced in a stal by temperature 
gradi: 


9) the properties are determined largely by the impuri- 
ties rather than by the intrinsic properties of the ma- 
terial. At high temperatures the number of ther- 
mally generated holes and electrons will become suf- 
ficiently large to swamp out the differences in the 
number of electrons and holes caused by the impurities 
The crystal will reassume its intrinsic properties. The 
crystal is then said to be in the intrinsic temperature 
range. At some very low temperature, the majority 
carrier caused by the impurities will begin to freeze 
back onto the impurity atoms, and the number of free 
carriers will begin to decrease markedly. This tempera- 
ture is usually so low that it is only of academic interest 
from the point of view of most device applications 
The temperature at which the crystal goes from its 
extrinsic to its intrinsic behavior is important, however 
This temperature depends on the impurity concentra- 
tions as well as the pn product. The concentrations of 
free carriers for germanium doped with 10'* donors/cu 
cm are shown as a function of the reciprocal of the 
temperature in Fig. 9. The intrinsic concentration of 
carriers is also shown for comparison purposes. Fig- 
ure 9 shows the conductivity for the same sets of 
circumstances. In the extrinsic range the resistivity will 
usually increase slightly with increasing temperature 
because the mobility will usually decrease with increas- 
ing temperature. The temperature dependence of the 
mobility can be rather complicated, but except at very 
low temperatures or very high impurity concentrations, 
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it should be a decreasing function of the temperature. 

Whether a given crystal of semiconductor is p type 
or n type can be ascertained experimentally in one of 
two ways. If a magnetic field is placed at right angles 
to an electric field applied across the sample, there will 
be a force due to the magnetic field acting on the mov- 
ing charge carriers in the direction shown in Fig. 11. 
If the charge carriers are holes, there will be a flow of 
the holes to the back surface due to the force of the 
magnetic field, which will charge this surface positively, 
leaving the front surface negatively charged. This charg- 
ing action will continue until the force of the electric 
field induced by these charges just balances the force 
of the magnetic field on the moving carriers. If the 
carriers are electrons, the back surface will become 
negatively charged and the electric field induced will 
be of the opposite sign from that for the holes. The 
sign of the electric field so induced can thus determine 
the type of the majority carrier. 

An equivalent effect can be obtained by setting up 
a slight temperature gradient across the crystal. The 
electrons and holes at the hot end of the crystal will 
have a higher mean speed between collisions with the 
nuclei than they will at the cold end of the crystal 
Thus, if one looks at the electrons and holes crossing 
a plane at right angles to the temperature gradient as 
they walk in their random fashion through the crystal, 
there will be more carriers crossing to the cold end 
than there will be carriers crossing to the hot end. The 
“hotter” electrons or holes will be trying to go to the 
cold end of the crystal and thus warm it up. In so doing 
they will carry with them a charge which will induce 
an electric field. The sign of the electric field so induced 
will depend on the sign of the majority charge carrier. 
(See Fig. 12.) 

The discussion so far has assumed that the electric 
field strengths used are moderate. If the electric fields 
are quite high (of the order of 10° volts/cm at room 
temperature in Ge), the electrons and holes can gain 
enough kinetic energy in the mean free time between 
collisions with the nuclei to create a new hole electron 
pair. This pair can create another pair, and so on 
The number of holes and electrons will thus “ava- 
lanche” to a very large number, the current will be- 
come enormous, and the material is said to have broken 
down. These field strengths are not difficult to realize 
at junctions between n- and p-type material, as will be 
seen in the next section. The field strength necessary 
for breakdown will be an increasing function of the for- 
bidden energy gap and an increasing function of the 
temperature 

External sources of energy such as light can gen- 
erate excess hole-electron pairs if the light can be 
absorbed by the valence electrons. This light can be 
absorbed if its wavelength, 4, is related to the forbidden 
energy gap by the relation 

A 324 1G I (7) 


where E, is given in electron volts and / in cm. Light of 
frequencies lower than this value does not have sufficient 


energy to generate hole-electron pairs and will be trans 
mitted by the crystal. High energy gap materials such as 
diamond will thus tend to be transparent to visible 
light. Germanium, with a 0.72 electron volt gap width, 
is transparent for wavelengths greater than 17,000 A, 
These materials can thus be 


which is in the infrared 
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used as windows to transmit only certain frequencies 
of light and absorb others. The light absorbed, on creat- 
ing excess hole-electron pairs, can generate excess cur- 
rents in accordance with Eq (3). Thus, one is led to a 
whole host of photoconductive devices. This is the prin- 
ciple of the PbS cells commonly used as a means of 
detecting small amounts of radiation in the infrared. 
The excess hole-electron pairs generated by the light 
will on the average live a certain length of time, +r, after 
which the electron will have gone back into the hole 
whence it came. Hence, + is known as the lifetime of the 
pair. It is an extrinsic property of the semiconductor, 
usually dependent on impurities of a variety which do 
not affect the other properties of the material such as 
the concentrations of electrons or holes. Carrier lifetime 
r is indeed perhaps the best measure available of the 
perfection of a crystal. For a perfect germanium crystal 
at room temperature, + should theoretically be of the 


order of a second. Lifetimes in well-grown germanium 
crystals usually run from 10~° sec to 10~ sec. If f is the 
rate at which excess hole-electron pairs per unit volume 
are being created by the light, then the excess density 
of holes or electrons in the steady state is given by 

An Ap fr (8) 
Thus the excess carrier concentrations are proportional 
to the light intensity and the lifetime of the pairs. On 
recombining, the energy of the pairs can be given off 
as heat, or with the proper impurities, as radiation of 
a lower frequency than the incident light. Indeed, this 
is the principle used in the screen of a cathode-ray 
tube. If materials with a fairly high energy gap are 
used in the screen coating, the high-energy electrons 
from the cathode can be used to generate excess hole- 
electron pairs. These pairs on recombining radiate 
photons of visible light. 


P-N Junctions and Metal Semiconductor Contacts 


If a large metallic contact is made to one side of a 
semiconductor crystal, and a small metallic point is 
pressed against the other side of the crystal, one can 
sometimes obtain rectification. That is, the current 
which the point can pass can depend upon the polarity 
of the voltage applied to the point. This phenomenon 
has been realized for many years and was applied to 
make the crystal rectifiers which went into the first 
radios. How this rectification comes about has been a 
subject of discussion in the literature for as long as the 
phenomenon has been known. As one expert in the field 
once said, if you take a curve of current vs voltage on 
such a point, you can surely find a theory in the litera- 
ture which will explain it, and conversely, if you pick 
a theory from the literature, you can probably find a 
point contact on a semiconductor whose current voltage 
relation is as predicted by the theory. The first tran- 
sistors made consisted of two such points only a small 
distance apart on one surface of a germanium crystal 
and a large area contact on the opposite surface. (See 
Fig. 13.) It was found that the resistance of the second 
point contact depended upon the current being passed 
through the first point in much the same way that 
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Fig. 13—Schematic diagram of a point-contact transistor and 


a point-contact diode. 
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the resistance between the cathode and anode of a 
vacuum tube depends upon the voltage on the grid. 
Thus, there was a cross resistance term or trans-resist- 
ance, and so the name transistor. In an equivalent cir- 
cuit, the engineer replaces this changing d-c resistance 
by a constant a-c resistance and a current or voltage 
generator. The system thus looks like an active network 
and has the possibility of amplification. 

Crystals can occur in which one end of the crystal 
will show p-type conduction (i.e., holes are the majority 
carrier), and the other end of the crystal will show n- 
type conduction (i.e., electrons act as the majority car- 
rier). Such a crystal is said to contain a p-n junction. 
The junction is a result of a difference in the types of 
impurities in the two different parts of the crystal. If 
two large ohmic metallic contacts are placed on oppo- 
site ends of such a crystal, the current which the crystal 
can pass depends upon the polarity of the voltage 
applied. It is a rectifier. (See Fig. 14.) Soon after the 
discovery of the transistor, W. Shockley developed the 
theory of rectification for such a junction. He also pre- 
dicted transistor action if there were two such junctions 
not too far apart. For example, one might have a thin 
n region sandwiched between two p regions. If a non- 
rectifying metallic contact is made to each of the three 
regions, the resistance of the second p-n junction 


Anode Cathode 
————— 








Fig. 14—A crystal in which one end exhibits p-type (hole) 
conduction and the other end exhibits n-type (electron) con- 
duction is a rectifier. The overall conductivity of the crystal 
slab depends upon the polarity of the applied voltage as shown. 
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depends on the current being passed through the 
first. The parameters entering into Shockley’s the- 
ories were carrier concentrations, mobilities, lifetimes of 
the free carriers and geometry factors, such as the 
width of the n region in the case of the transistor. These 
parameters are all measurable quantities and his the- 
ories were highly successful in giving the correct results 
quantitatively as well as qualitatively. They are still 
used today as the main guides in transistor design. They 
also helped to clarify considerably the current-voltage 
relationships of metal-semiconductor contacts. In this 
and the next section a description of the physical prin- 
ciples governing the current-voltage relations of junc- 
tion rectifiers and transistors will be given. 


P-N Junction at Equilibrium 


At the junction between the p and n region, there is 
on the one side a large number of holes and a small 
number of electrons, while on the other side there is a 
small number of holes and a large number of electrons. 
Both types of carriers are moving about in a random 
fashion. Thus, because of the concentration gradients, 
there will be some diffusion of electrons into the p 
region and some diffusion of holes into the n region. 
The electrons, upon going into the p region, carry with 
them their negative charge, leaving behind in the n 
region the positively charged immobile donor impurities 
from which they came. The holes, upon going into the 
n region, charge the n region more positively and leave 
in the p region the negatively charged immobile ac- 
ceptor impurities from which they came. The diffusion 
of these carriers across the junction thus leaves the 
region on the n side of the junction with a positive 
charge and leaves the region on the p side of the junc- 
tion with a negative charge. (See Fig. 15.) This charg- 
ing action results in an electric field being set up across 
the junction, just as an electric field is built up between 
the plates of a condenser when it becomes charged. 
The electric field so built up will tend to drive the 
electrons back into the n region and the holes back into 
the p region. When the electric field is sufficiently large 
to drive the electrons from the p region to the n region 
at just the same rate as the diffusion drives electrons 
from the n region to the p region, there will be no net 
transfer of electrons across the junction and the system 
will reach a state of equilibrium. This electric field must 
also be just sufficient to balance the hole flow across 
the junction. The electrostatic field and corresponding 
potential built up in the neighborhood of the junction 
is shown in Fig. 15 (d) and (e). The region over 
which the electrostatic potential is built up is known as 
the transition region of the junction. 

The diffusion currents are determined by the con- 
centration gradients. The constant of proportionality 
between the current and the concentration gradient is 
known as the diffusion constant. Thus, at thermal equi- 
librium, we may write the following equations, which 
give a detailed account of the various components of 
current crossing the junction. 


d Mp pE q D, dp 
dr 


dn 


dr 
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Fig. 15—Distribution of charges and electric field gradients 
in the vicinity of a p-n junction. (a) Distribution of holes, 
electrons, donors and acceptors in the neighborhood of a junc- 
tion. (b) Contributions to the charge from the impurities and 
the carriers in the neighborhood of the junction. (c) Net charge 
in the neighborhood of the junction. (d) Electrostatic field in 
the neighborhood of the junction. (e) Electrostatic potential 
in the neighborhood of the junction 


Here, j, and j, are the hole and electron currents (re- 
spectively) crossing the junction, and D, and D,, are 
the diffusion constants of holes and electrons, respec- 
tively. The first terms on the left give the contributions 
to the currents from the electric field built up, and the 
second terms on the left represent the diffusion currents 
Since the carriers will move from a high to a low con- 
centration, this hole diffusion current has a sign 
opposite to that of the concentration gradient. Because 
of the negative charge on the electron, the equivalent 
current for electrons will be in the opposite direction 
from their flow, and consequently the diffusion term 
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for electrons has a positive sign. Since the diffusion is 
a result of the random motion of the electrons, one 
would expect the diffusion constants to depend upon the 
mean free time and mean speed of the carriers between 
collisions with the nuclei. These are the same quantities 
which determine the mobility of the carriers, so one 
would expect that the mobilities and diffusion constants 
may be related. This is indeed the case. The relation- 
ships between them are known as the Einstein relation- 
ships, which state that 


(12) 


The electric field is related to the electrostatic poten- 
tial, by the equation 


(13) 


It can be shown that Eqs (9) through (13) lead to 
the following important result. At thermal equilibrium, 
the concentrations of carriers outside the transition 
region on either side of the junction are related to the 


potential, ,,, built into the junction by the equations 


(14) 


pp exp ( a ) (15) 


where the subscripts n refer to the concentrations of 
carriers on the n side of the junction (outside the tran- 
sition region) and the subscripts p refer to the concen- 
trations of carriers on the p side of the junction (out- 
side of the transition region). Upon dividing Eq (14) 
by Eq (15) and cross multiplying, we see that 


Nn P NpPx n (16) 
in agreement with Eq (5) for the pn product. Equa- 
tions (9) through (13), in fact, assure one that this 
pn product is maintained at every point in the transition 
region of the junction. By juggling Eqs (14), (15) and 
(16), it can be shown that the built-in potential of the 
junction ,, is given by 

k7 In "n Ps 
q n 
where /n is the diffusion length. 

Since in most circumstances n,, is approximately equal 
to the concentration of donors N, in the n-type material, 
and p, is approximately equal to the concentration of 
acceptors N, in the p-type material, Eq (17) can be 
rewritten as 

s 
kT), No Na \ 


q n 


(18) 


Typical built-in potentials in germanium would range 
from 0.3 to 0.6 volts. For silicon, they may range from 
about 0.5 to 0.8 volts. They will be a decreasing func- 
tion of temperature (since n;* increases so rapidly with 
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temperature), and hence at high temperatures these 
built-in potentials will tend to disappear. 

The width of the transition region depends upon the 
details of the junction. For abrupt junctions (as de- 
picted in Fig. 15) this width is given approximately by 


Ke, (N 


wit’ CN 


where K is the dielectric constant, equal to 16 for ger- 
manium and 12 for silicon. Typical values of d, for Ge 
or Si would be 10°* to 10°° cm. 

One might, upon first thought, expect that the elec- 
trostatic potential built up across the junction could be 
measured simply by placing a voltmeter across the 
crystal. This is not the case. The diffusion and con- 
sequent electrostatic potential result from the fact that 
due to the differences in impurities, the average energy 
of the electrons in the n-type half of the crystal is 
higher than the average energy of the electrons in the 
p-type half of the crystal. This can be seen by com- 
paring Figs. and 8 when one remembers that the 
hole represents a missing electron in the valence band 
The diffusion thus represents a flow of both conduction 
and valence electrons to the lower energy half or p side 
of the crystal (The flow of the valence electrons into 
the p half of the crystal is equivalent to holes flowing 
into the n half of the crystal.) The electrostatic poten- 
tial built up raises the potential energy of all the energy 
states on the p side of the crystal until the average 
energy for electrons in the p side equals the average 
energy of electrons in the n side of the crystal. The 
energy scheme of the conduction and valence bands is 
thus as shown in Fig. 16a. This is an energy diagram 
for electrons. Electrons see a potential barrier tending 
to push them into the n region, and holes see a potential 
barrier tending to push them into the p region. The 
voltmeter indicates only a measure of the difference in 
average energy of the electrons on the two sides of the 
junction and thus does not register a reading once the 
potential barrier has been set up. 

Electrons, upon moving down the potential hill into 
the n region (and also holes on moving into the p 
region), are accelerated in the mean free time between 
collisions with the nuclei. Upon interacting with the 
nuclei, the electrons and holes give up this excess en- 
ergy to the nuclei and so heat up the lattice in the 
neighborhood of the junction. The field terms in the 
current Eqs (7) and (8) thus indicate as usual a 
dissipation of energy in the junction region in the form 
of heat. The junction is of course not heating up at 
thermal equilibrium, so that the diffusion terms in Eqs 
(7) and (8) must represent a corresponding cooling in 
the junction region where the diffusion is taking place. 
This is so since the electrons, upon diffusing up the 
potential barrier, lose velocity and thus, upon interacting 
with the nuclei, absorb energy from them on the aver- 
age. The diffusion terms of Eqs (7) and (8) thus 
imply a cooling in the junction region while the field 
terms imply a heating in the junction region. As we shall 
see, when an external voltage is applied across the 
junction, either one or the other term in Eqs (7) and 
(8) will be made to dominate, and cause a net current 
flow. If the diffusion currents dominate, the junction 
region will cool; if the field term dominates, the junc- 


Na) (19) 
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tion region will heat. This effect of localized heating or 
cooling in the neighborhood of junctions is not peculiar 
just to semiconductors, for it is in every way equivalent 
to the thermoelectric effects existing between the junc- 
tions of two metals. On the whole, energy must be 
dissipated in the crystal at the rate at which it is supplied 
by the battery. Thus, if the diffusion current is made 
to dominate so that the junction region is cooling, it 
automatically follows that in some other region of the 
crystal, energy must be being dissipated at a rate even 
faster than the battery is supplying it. 


The Forward-Biased Junction 

We shall now discuss the current-voltage relations for 
the junction, assuming that an ohmic metallic contact 
has been made to both the n and the p regions. (An 
ohmic contact to the p-type material implies that the 
top of the valence band of the semiconductor has nearly 
latched on to the energy sea level of electrons in the 
metal, while an ohmic contact on n-type material im- 
plies that the bottom of the conduction band has nearly 
latched on to the energy sea level of electrons in the 
metal.) The ohmic contacts assure easy transfer of 
valence electrons (or holes) between the metal and the 
semiconductor in the p-type material, and an easy trans- 
fer of conduction electrons between the metal and the 
semiconductor in the n-type material. The contacts thus 
fit into the energy scheme as shown in Fig. 16. 

Let a small voltage be applied suddenly across the 
junction so that the metallic contact to the n region is 
made negative with respect to the metallic contact of 
the p region. Electrons will immediately flow from the 
battery through the metallic contact to the n region, 
while holes will immediately flow into the p region 
through the other metal contact. (The holes flowing 
into the p region are equivalent to valence electrons 
flowing out of the p region.) Upon reaching the junc- 








Fig. 16—Electron energy diagram for a p-n junction at thermal 


equilibrium and the directions of the various components of 
current and particle flow across the junction. Shaded areas 


represent allowed energy states 
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tion, the holes and electrons will be slowed down be 
cause of the potential barriers which they must ove! 
come. They will thus tend to pile up at the transition 
region, so that there will be more electrons and holes 
at the edges of that region than there were at equilib 
rium. The piling up of the holes on the p side of the 
junction will tend to reduce the negative space charge 
of the acceptors on the p side of the transition region, 
while the piling up of the electrons will tend to reduce 
the positive space charge of the donors on the n side of 
the transition region. The transition region will become 
narrower. The space charge on the respective sides ot 
the junction is thus reduced, and the electrostatic poten- 
tial across the junction will drop until it has been 
reduced by an amount very nearly. equal to the applied 
voltage. The potential barrier between the n and p 
regions thus takes on the new value (¢ V) 
Phis situation is depicted in Fig. 17a. The reduc 
tion in electrostatic potential means that the elec- 
trons can now diffuse into the p region and the holes 
into the n region faster than the reduced electrostatic 
field can drive the carriers back into their respective 
regions. Electrons will begin to diffuse into the p region 
and holes into the n region. Each electron flowing into 
the p region will be met by a hole coming through the 
p region from the battery to balance its charge and each 
hole flowing into the n region will be met by an electron 
coming through the n region from the battery to bal 
ance its charge. Thus, there will be no further space 
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charge added to the two regions by this diffusion flow. 
There will be an increase in the concentrations of both 
types of carriers on each side of the junction outside 
of the transition region. This diffusion flow will, how- 
ever, result in a diminution of the concentration grad- 
ients of the carriers across the junction, and so the dif- 
fusion currents will soon be reduced while the electric 
field currents crossing the junction in the opposite direc- 
tion will be increased because of the increased concen- 
trations of minority carriers available to flow back 
under the influence of the field. Except for one fact, 
the field and diffusion currents, although both larger 
than at equilibrium, would finally balance each other 
as they did at equilibrium, and there would again be 
no net current flow across the junction. This situation 
would be reached when the new concentrations of 
carriers on each side of the junction were related to the 
new electrostatic potential (¢, — V), by equations 
equivalent to Eqs (14) and (15). That is, 


V)/kT (20) 
V)/kT (21) 


Ny’ n,’ exp q (% 
p Pp, exp q (? 


where the primes refer to the new concentrations of 
carriers on each side of the junction. Since no net 
charge exists outside of the space charge region (..e., 
an electron has come in from the battery to meet every 
hole which diffused across the junction and a hole has 
come in to meet every electron), we also have that 
22) 
and 
(23) 

Equations (20) through (23) can be combined with 
Eqs (14) and (15) to determine the new steady-state 
concentrations of carriers which would exist on each 
side of the junction, when the electron and diffusion 
currents were again just made to balance. Upon divid- 
ing Eq (22) by Eq (21) and cross-multiplying, we see 
that the p’n’ product is again maintained on both sides 
of the crystal. This p'n’ product is now greater than n,* 
the value of the pn product at equilibrium. Equations 
(14), (15), (20) and (21) can be combined to show 
that this new p’n’ product is given by 

Ny’ Py’ Te Pa ng? et (kT (24) 
If the voltage is sufficiently small, p,’ and n,’ (the new 
minority carrier concentrations) will still be small com- 
pared to the equilibrium majority carrier concentrations 
p, and n,, respectively. Under these conditions Eqs 
(22) and (23) immediately lead to the result that 

n,’ =n, and p,' = p,; (25) 
Ihese equations state that the majority carrier concen- 
trations have not been changed by a very significant 
percentage even though they have been increased in 
absolute magnitude by an amount equal to the increases 
in the minority carrier concentrations. Under these 
conditions the new minority carrier concentrations are 
given from Eqs (24) and (16) by 


np’ = npeW'kT and pp’ = py, ew /k7 (26) 


The minority carrier concentrations are increased by 
the factor e¢’/*". Since kT/q is approximately 0.025 
volts at room temperature, the minority carrier concen- 
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trations can be increased by a factor of 50 by applying 
only 0.1 volt across the junction, By applying 0.2 volt 
across the junction, the minority carrier concentrations 
can be increased by a factor of 2500 at room tempera- 
ture. The majority carrier concentrations are thus al- 
most independent of voltage for low voltages; the min- 
ority carrier concentrations are a very strong function 
of the voltage applied. 

The above situation would describe the forward- 
biased junction, and there would be an increased con- 
centration of carriers but no current flow if there were 
no way of getting rid of the excess carriers once they 
had been injected into the n and p regions. The fact 
that the p’n’ product is greater than its equilibrium value 
of n,2 means, however, that the carriers are recombining 
(i.e., an electron falls into a hole in the valence band) 
at a greater rate than thermal energy can regenerate the 
pairs (by kicking an electron from the valence band to 
the conduction band). Thus the excess carriers injected 
into n and p regions by the work of the battery will 
after a lifetime 7 die. Every excess hole-electron pair 
which recombines can be replaced by another pair from 
the battery in an attempt to reestablish the steady-state 
conditions. To be explicit, when an excess electron re- 
combines in the p region, another electron can diffuse 
in from the n region, the electron which has moved out 
of the n region being replaced by an electron from the 
battery. The hole with which the electron has recom- 
bined is replaced by another hole moving into the p 
region (or a valence electron moving out of the p 
region to the battery). An equivalent situation will 
exist for the hole recombining in the n region. Thus, 
there will be a net diffusion current of electrons flowing 
through the junction given by 


: dln 27) 


where r, represents the net rate at which the excess 
hole-electron pairs can recombine in the p region, and 
a net current of holes diffusing across the junction 
given by 


oe 


Ih; qr; (28) 


where r, represents the net rate at which the excess 
hole-electron pairs can recombine in the n region. One 
would therefore expect that the shorter the lifetime 7 of 
the excess carriers, the greater will be the current 
crossing the junction. 

Each excess carrier, upon diffusing across the junc- 
tion, can travel a certain distance on the average before 
recombining. The distance which it can travel will de- 
pend upon the diffusion constant and the lifetime of the 
carrier in question. Solutions to the continuity equation 
show that these distances, known as the diffusion 
lengths, are given by 


v ‘Da (29) 


Le ji. and L, 


where the subscripts n refer to the excess electrons in the 
p region and the subscripts p refer to the excess holes 
in the n region. Typical diffusion lengths in germanium 
and silicon may be anywhere from 10° to 10° cm. At 
the length L,, away from the junction in the p region, 
the excess electrons on the average will have recom- 
bined and, within two diffusion lengths of the junction, 
the concentration of electrons will thus have fallen very 
nearly back to its equilibrium value. (This is con- 
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sidering things on a statistical average.) The excess 
number of electrons in the p region per sq cm of junc- 
tion is thus (n,’ — n,) L,. Each electron lives on the 
average a time +,, and is then replaced. The net rate 
of recombination of electrons in the p region is thus 
given by 


(n,’ ny) Mi -(30) 
Tn . 
Similarly, the net rate of recombination of holes in the 
n region is given by 
(Pp; Po) 7 (31) 


q; od 


T 


Thus, from Eqs (26), (27) and (28), we have that 


q(n,’ — np) L, q Ny L (ea¥ (kT 1) 


Tr 


Similarly, 


q Dna 8 (et kT 1) (33) 
Tr 
Che total current crossing the junction is given by the 
sum of j, and j,. Thus, 


F (s nF Lap L ) (ee kT 1) (31) 
T 


he first coefficient in brackets on the left is known as 
the saturation current density of the junction, j,. It 
depends on the equilibrium minority carrier concentra- 
tions on the two sides of the junction, the diffusion 
constants and lifetimes of excess carriers. It can be 
written in various forms by utilizing Eqs (29) and 
(16) for the pn product. Thus, we have that 


j = Jj. (eeV/4T —]) 


(" nal. , @Pal, ) (36a) 
T T; 


qn ( = 4 os ) (36c) 
py L a? 


The majority carrier concentrations n, and p, are 
related inversely to the resistivities of the n- and p-type 
material, respectively, through Eq (4), and D,, and D, 
are related to the mobilities by Eqs (11) and (12). 
Hence, one can write j, in still another form depending 
on the resistivities as follows: 


kT upp; ( Pp Pn ) 2 
Is t (36d) 
q (u t pw ) p L Ly 


where p, is the resistivity of intrinsic material and p, and 
p, are the resistivities of the n- and p-type materials, 
respectively. The current through the junction increases 
exponentially with the applied voltage (see Fig. 18). 
This rule will of course break down once the applied 
voltage becomes comparable to the equilibrium barrier 
potential ¢,. 

The current has been calculated by determining the 
number of electrons and holes which cross the junction 


where 
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Fig. 18—Current-voltage characteristics for a p-n junction at 
room temperature (300 K). 


per second. The total current must be a constant 
throughout the crystal, but the fraction of the current 
being carried by each type of carrier is changing as 
we move through the crystal. Thus, if we are more 
than a diffusion length from the junction, the current 
flow is essentially all majority carrier flow. At the 
junction, the currents are divided between electrons 
and holes in accordance with Eqs (32) and (33). The 
division of current between electrons and holes for a 
symmetrical type junction (i.e., Np N,) is shown 
in Fig. 19 as a function of position in the crystal. If the 
acceptor concentration Ny on the p side is made very 
much larger than the donor concentration N, on the 
n side, then the current crossing the junction will be 
mainly hole current. If the reverse situation is true, the 
current crossing the junction will be mainly electron 
current. 

Since the current was determined by the rate at 
which carriers could be gotten rid of (through recom- 
bination) once across the junction, if any other means 
of getting rid of carriers in the diffusion length region 
is added it will also add to the current crossing the 
junction. Excess carriers can often recombine at the 
surface of the crystal at a rapid rate unless precautions 
are taken to avoid this. The recombination rate at the 
surface is determined not only by the perfection of the 
crystal at the surface but also by the ambient air or 
gas around the crystal. This surface recombination will 
tend to increase j,, and in fact, for small area junctions, 
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of position within a crystal for a biased junction 


Maenitudes of electron and hole currents as a function 





in which the surface to volume ratio is high, the values 
of j, can change significantly for only a small change in 
the water vapor content of the air. To obtain a stable 
junction, one must therefore take precautions to control 
the ambient. If the metallic contacts are placed within 
a diffusion length of the junction and are made so that 
the minority carriers can cross the contacts, then the 
metal contacts will act as a sink for the excess carriers 
and the value of j, can again be made to increase fo 
a given voltage across the junction 


The Reverse-Biased Junction 

Now let a bias of the opposite polarity suddenly be 
applied across the junction. That is, let the potential of 
the metallic contact to the p region be made negative 
with respect to the potential of the metallic contact to 
the n region. Such a junction ts said to be reverse biased 
or back biased. Instantaneously, holes will flow out of 
the p region through its metallic contact (i.e., valence 
electrons move into the p region), and electrons will 
flow out of the n region through its metallic contact 
The p and n regions near the edge of the transition 
region will tend to become depleted of majority carriers, 
and the space charge will increase. The transition 
region will widen and the potential barrier across the 
junction will increase. After a short time the potential 
across the barrier will have increased by essentially the 
amount of the applied bias (see Fig. 17b). The new 
potential barrier will be equal to (+, +- V). A smaller 
percentage of the majority carriers on each side will 
now have sufficient kinetic energy to make it over the 
increased potential hills and the diffusion currents across 
the junction will decrease. 

The decreased diffusion currents mean that the 
minority carriers are crossing the junction at a faste1 
rate through the action of the field than they can be 
refurnished to their respective regions by diffusion back 
from the other side. The concentrations of the minority 
carriers on each side of the junction will decrease. The 
extra minority carriers on crossing the junction would 
tend to discharge the junction, and again reduce the 
space charge. An equivalent number of majority car- 
riers can thus flow back out to recharge the junction 
to its biased value. The concentrations of majority 
carriers are thus also reduced by the same amount as 
the minority carriers are reduced. There will be no 
net space charge outside the transition region and Eqs 

22) and (23) will again apply where the new con- 
centrations, designated by the primes, are lower than 
the equilibrium concentrations. The reduced minority 
carrier concentrations, in turn, imply that the field cur- 
rents of minority carriers across the junction will be re- 
duced until finally the field currents become equal to the 
reduced back diffusion currents. A steady state will be 
set up, where both the field and diffusion currents across 
the junction are nearly equal but reduced from their 
equilibrium values. To a first approximation, there 
will again be no net current across the junction. When 
this state is reached, Eqs (14) and (15) are replaced 
by 


q¢ + V) 
kT 


q¥o 4 (38) 


p Py’ exp ‘Ty 


[he p’n’ product is again maintained throughout the 
junction, but is now given by 


nt exp ( ir) tei 


Since the minority and majority carrier concentrations 
change by equal amounts according to Eqs (22) and 
(23), the majority carrier concentrations cannot change 
by a very great percentage in the reverse biased junction. 


Thus 
~P; Pp, and n r (10) 


From Eqs (40) and (39) and the fact that the pn 
product at equilibrium is n,;*, we have that 


q\ 
kT 


exp (42) 
[he minority carrier concentrations are reduced ex- 
ponentially with the applied voltage. 

The current in the reverse biased junction would thus 
soon go to zero as described above except for the fact 
that the p’n’ product has been reduced below its equilib- 
rium value of n;°. This means that hole-electron pairs 
are being generated thermally faster than they are 
recombining in the p and n regions of the crystal. Each 
extra minority carrier so generated can be swept across 
the junction by the high field, provided it can live long 
enough to make it to the junction (i.e., provided it is 
generated within a diffusion length of the junction) 
Upon crossing the junction, the minority carrier and the 
majority carrier it has left behind tend to discharge the 
junction, and thus the minority carrier crossing the 
junction frees a majority carrier on each side to move 
out through their respective metal contacts and recharge 
the junction. The net current crossing the junction is 
proportional to the sum of the net rates of genera- 
tion of minority carriers on each side of the junction 
Thus we have equations equivalent to Eqs (27) and 
(28) for the two currents. 


(43) 
and 
J q Up (44) 


where u,, equals the net rate of generation of electrons 
on the p side of the junction and u, equals the net rate 
of generation of holes on the n side of the junction. The 
minus signs indicate that the current is from the n to the 
p region, which is in the opposite direction from the 
current in the forward biased junction. Each carrier 
removed by the bias will be regenerated on the average 
in a time r. On the average, only those generated within 
a diffusion length can reach the junction. The difference 
between the equilibrium number of electrons and the 
new reduced number of electrons per sq cm of junction 
will thus be according to Eq (32). 


(n, ny’) iL, ny ( l exp tn ) | (45) 
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This excess number can be replaced in a time r,. Thus, 
according to Eq (43), 


™ 
La ( exp yV 1) 
ams XP 7 


n 


Similarly, 


aV 
gp, exp —4 
1 Pn ( ‘Par 


Tp 


[he total current is given by 


(<= L 
(exp Ad ) (48) 


Chese equations are completely equivalent to Eqs (34) 
and (35) so that we can use Eqs (34), (35) and 
(36) to describe the current across the junction in 
either direction, provided we ascribe a positive value to 
V in the forward direction and a negative value to } 
in the reverse direction. For qV/kAT approximately equal 
to 4, or V approximately equal to 0.1 volt at room 
temperature, exp qV /kT is approximately 1;,. This 
corresponds to about 98 per cent of the equilibrium 
concentrations of minority carriers having been removed 
by the bias within the diffusion lengths of the junction. 
[he values of n,’ and p,’ are approximately equal to 
zero compared to their equilibrium values, and a fur- 
ther increase in voltage cannot increase the number of 
carriers removed by a very significant amount. There- 
fore, the net rate of generation becomes essentially in- 
dependent of the voltage. The current saturates to the 
[his is depicted in the current-voltage curve 
Since the 


value j,. 
of the reverse-biased junction in Fig. 18 
forward currents are so much larger than the reverse 
currents, the junction acts as a rectifier. The ratio of 
forward to reverse current of the perfect diode at room 
temperature is approximately 50 at 0.1 volt and is ap- 
proximately 2500 at 0.2 volt. 

The reverse curve will usually not saturate to the 
extent predicted by theory although, with extreme care 
in surface treatments, reverse curves can be made to 
change by not more than a few per cent in going 
through a range of perhaps 10 volts. The slopes of 
the current vs voltage curves in the reverse direction 
are thus more of an empirical number than anything 
determined by theory. 

Che electrostatic fields in the junction region even at 
equilibrium are large since a few tenths of a volt po- 
tential drop occur in a region only about 10° cm thick 
It therefore does not take too much applied voltage in 
the reverse direction to make the electrostatic fields be- 
come comparable to that necessary for breakdown. That 
is, each hole or electron on moving through the junc- 
tion can generate another hole-electron pair. These new 
pairs pass through the junction and generate another 
pair, etc. The generation rate of hole-electron pairs is 
suddenly increased enormously and hence the reverse 
current is also suddenly increased enormously. The 
critical voltage necessary for this to happen is known 
as the breakdown voltage. The increase in current at 
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this point is also shown on the reverse curve of Fig. 18. 
The voltage necessary for breakdown depends upon the 
resistivities or impurity concentrations of the n and p 
regions as well as upon the temperature. The lower the 
impurity concentrations, the lower will be the break- 
down voltage. For assymetrical junctions, the break- 
down voltage will be a function of the resistivity of the 
more weakly doped side. It should be an increasing 
function of increasing temperature. 

As the temperature of the junction is increased, the 
rate of thermal generation of carriers is increased (as 
indicated by the increased value of n;“ with tempera- 
ture), so that the saturation current of the diode will 
increase. There are several minor temperature depend- 
encies in Eqs (36b) and (36d), for example, for the 
value of j, but the primary temperature dependence 1s 
that of n,°. The temperature dependence of j, is thus 


given approximately by Eq (5). To illustrate how tem- 
perature-sensitive j, may be, it changes by roughly 10 


per cent for a one-degree change in temperature in a 
germanium junction. It would change by an even greater 
percentage in a silicon junction, although the value of 
j, will be very much lower at a given temperature be 
cause of the smaller value of n,*. The saturation current 
of a p-n junction made out of 5 ohm-cm material on 
germanium would be roughly 10° amp/sq cm at room 
temperature. A silicon junction of equivalent resistivi 
ties should have a saturation current of roughly 10° 
amp/sq cm at room temperature 


Effects of Light on Junctions 

Since the reverse current across a junction is a result 
of a net thermal generation of carriers within a diffusion 
length of the junction, this reverse current can be in- 
creased if other means of generating carriers are intro 
duced within the diffusion lengths. Thus, if one genet 
ates excess carriers by light, for example, all carriers so 
generated within a diffusion length of the junction can 
add to the current across the junction. If f 
the number of carriers per sq cm of junction generated 
by the light within the diffusion lengths, the current 
voltage relation of the junction becomes 


(epfp-1) 


For V large and negative, the current across the junction 


represents 


IS 
( 


The reverse current of the diode can thus be made 
sensitive to light, and we are led to photodiodes as a 
means of detecting light. If the junction is short circuited 
(Le. ¥ 0) there will still be a current through the 
junction equal to gi 
generated in pairs by the light, but the percentage 
changes of the minority carrier concentrations are very 
much larger than the percentage changes of the majority 
carrier concentrations. The balance between the concen 


The holes and electrons are 


trations of electrons or holes on each side of the junc- 
tion will have been disturbed by the light. There will 
be a field flow of excess minority carriers across the 
junction which tends to junction 
and enables a majority carrier to flow out the 
metallic contact on each side, thus recharging the junc 


discharge the 
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Fig. 20 


Physical equivalent circuit of a p-n junction. 


tion and causing a current. If the junction is open cir- 
cuited, the majority carriers can not flow out once 
the minority carriers have crossed the junction and the 
junction will tend to be discharged by the action of the 
light. The electrostatic potential across the junction will 
be reduced as in a forward-biased junction. This is in 
accordance with Eq (50), which states that for j equal 


to zero 
*P in ( qa ) (51) 
q Is 


rhis voltage built up by the light can be used to drive 
current through an external load placed across the junc- 
tion, so that the junction becomes a means of convert- 
ing light into electrical power. This is the principle of 
solar batteries 


Equivalent Circuits for Junctions 

The rather complicated physical actions involved in 
charging the various regions of the junction described 
above can be represented by a physical equivalent 
circuit as shown in Fig. 20. The upper branch of 
the circuit represents resistance to electron flow, which 
is small in the n region and large in the p region. The 
lower branch of the circuit represents resistance to hole 
flow, which is small in the p region and large in the n 
region. Hence, the resistances per unit length R»,, and 
Rs, are small compared to the resistances Ro, and R 
at low applied voltages. (The resistances R, represent 
the impedance to diffusion flow, and hence the sub- 
script D). The capacitance across the center of the line 
C, corresponds to the charging or discharging of the 
transition region when the voltage is first applied. This 
charging action can easily take place through the small 
resistances Rz,, and Rz,. The resistances Re, and R 
which enable current to flow between the hole branch 
and electron branch of the circuit, represent the ability 
of the excess carriers to recombine in the case of the 
forward-biased junction, or the ability of the diminished 
concentrations of carriers to be regenerated in the case 
of the reverse-biased junction. In the steady d-c state, 
these generation and recombination processes are the 
only means whereby the electron current can be trans 
ferred to hole current or vice versa 
tion processes occur roughly over a diffusion length and 
so, after a diffusion length, the cross resistance terms 
become infinite. Currents greater than the recombination 
currents can flow between the hole and electron 
branches of the circuit until the diffusion lengths have 


These reconibina- 
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Fig. 21—Simplified equivalent circuit for a junction diode and 
the values of the small signal a-c impedances. In the equations 
given below, V represents the bias voltage across Cr when the 
small signal a-c impedances are taken; A is the area of the 
junction; |, is the length of the n region and |, is the length 
of the p region; 2 


equals 2r frequency of the a-c signal. 
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Table Ii—Values of the Low-Frequency 
A-C Parameters for a Hypothetical Ger- 
manium Diode* 





Volts 


ohms 

ohms 
wut 

ohms 

ohms 
; : puf 
70,000 puf 





*ND 10°/cu cm, NA 1 100 uw sec, A 10~ sq 
cm, » F 0.1 cm, T 300 K. The d-c saturation current of such a 
diode would be 0.3 microamp. 


10!’/cu cm, ta Tp 


Some pertinent time constants of the circuit 
yn CD, i sec rn/2, jp CD; 
RB, + RBp + R,)CT. 


rp/2 and 


become charged with their new concentrations of car- 
riers. This charging action is represented by the capa- 
citances between the two branches, Co, and Co,. These 
capacitances are usually referred to as the diffusion 
capacitance, while the capacitance associated with 
charging the junction is referred to as the transition 
capacitance or barrier capacitance. 

The complicated transmission-line-like circuit of Fig. 
20 is usually simplified in practice. It can still be made 
to keep its essential properties if represented by a 
circuit as shown in Fig. 21 where the transmission line 
impedances have been lumped. For the a-c case, this 
simplification means that the impedances in the circuit 
are frequency dependent. The low and high frequency 
small signal a-c impedances are listed with Fig. 21. 
The transition capacitance is seen to be large for V posi- 
tive and small for V negative. The voltage dependence 
of this capacitance corresponds to the fact that the width 


of the transition region is changing with the bias. The 
capacitance, as in a parallel plate condenser, is in- 
versely proportional to this width. The a-c junction 
resistances to electron and hole flow R», and R., are 
small for V positive and enormous for V negative. 
The diffusion capacitances are very large for V positive 
and trivial for V negative. A set of typical numbers cal- 
culated from these equations for a germanium diode are 
given in Table II for 0.1 volt forward bias and 0.1 volt 
reverse bias. 


Broad Area Metal Contacts 

In general, the average energy of the electrons in 
a metal will not be the same as that of the electrons in 
a semiconductor at equilibrium. Thus, when the metal 
and semiconductor are brought into contact there will 
be a transfer of charge across the contact. This transfer 
of charge will set up electrostatic potentials, diffusion 
currents and field currents just as in a p-n junction. If the 
semiconductor is n type, for example, and electrons flow 
into the metal in the process of setting up equilibrium, 
a positive space charge of donors will be set up in the 
semiconductor. The contact will behave in nearly every 
way like a p-n junction. It will be rectifying, it can in- 
ject holes into the n region when forward biased, it can 
extract holes from the n region when reverse biased. 
If, on the other hand, electrons flow from the metal to 
the semiconductor in the process of establishing equili- 
brium, a negative space charge due to the excess elec- 
trons will exist at the contact. This gives a ready supply 
of electrons to be fed to the n-type material under bias 
and the contact will act ohmic. Selenium and copper 
oxide rectifiers represent the first type of metal semi- 
conductor contacts. 


Theory of Junction Transistors 


The structure for a junction transistor is shown 
schematically in Fig. 22. The discussion will be ex- 
clusively for an n region sandwiched between two p 
regions, although by reversing the roles of electrons and 
holes everything said can be equally applied to a p 
region between two n regions. Ohmic metallic contacts 
are made to the three regions. Let the contact to the n 
region, known as the base, be grounded. Let the junction 
between one p region and the base be forward biased, the 
other reverse biased. The forward-biased junction is 
known as the emitter, the reverse-biased junction is 
known as the collector. Let the width of the n region be 
W, where W is much smaller than the diffusion length 
of holes L, in the n-type material. The electron energy 
diagram for such a system is as shown in Fig. 23. The 
various Components of current crossing the two junc- 
tions are of primary interest. Each junction, in attempt- 
ing to re-establish a balance between field and diffusion 
currents across it, will set up concentrations of carriers 
outside their respective transition regions in accordance 
with Eqs (26) and (27) for the forward-biased emitter 
junction, and Eqs (41) and (42) for the reverse-biased 
collector junctions. Thus, the new concentrations of 
carriers just outside the space charge region in the 
base are given by 


p 


and 

p Py e~a¥ ev! tk 10’ be n (64) 
where the subscript b is used to refer to the properties 
of the base region, the subscript e refers to the concen- 
trations at the edge of the emitter transition region, and 
the subscript c refers to the concentrations at the edge 
of the collector transition region. In these equations, 


V., and | refer to the respective voltages across 
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he emitter and collector junctions. The concentration 
{ holes must thus vary through the base region as 
lepicted in Fig. 24 
the two p regions are in no way affected by the presence 


Ihe concentrations of electrons in 


the other junctions and are thus the same in these 
regions as they would be in the case of a single junc- 
tion. Since the net electron flow across a junction was 
determined by the net rate of recombination or genera- 
tion of the disturbed carrier concentrations in the p 
egions, these electron currents will not be affected by 

properties of the neighboring n region. In the case 
ft the forward biased junction, the n region only served 
is an easy path for another electron to move in from 
the battery and replace the electron which had diffused 
into the p region and recombined. Similarly, in the case 
of the reverse-biased junction, the n region offered 
virtually no resistance to the electron’s journey to the 
battery once it had been generated in the p region and 
managed to get across the junction. Thus the electron 
flow across the emitter junction causes a current to flow 
from emitter to base given in accordance with Eg 
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32) by 


1) _ (eth tk 1) (65) 


Here the subscripts e imply that the quantities are those 
associated with the emitter p region. Similarly, the elec 
tron flow across the collector junction will cause a cur- 


rent from collector to base given according to Eq 
(46) by 


(66) 


Because the base width of the transistor has been made 
less than the diffusion length for holes, the region in 
the base in which excess carriers can exist and hence 
recombine has been reduced by the presence of the col- 
lector junction. (See Fig. 24.) Similarly, the region 
which has been depleted of carriers (and hence can 
lead to a net generation of carriers) has been reduced 
by the presence of the emitter junction. The hole cur- 
rent from emitter to base due to the net recombination 
of carriers in the region of excess concentrations and 
the hole current from collector to base due to genera- 
tion in the region of diminished concentrations can 
be adequately given by Eqs (33) and (47) provided 
L, is replaced by W’/2 in these equations, where W’ 
represents the distance between the edges of the col- 
lector and emitter transition regions. Thus we have 
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and 
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Jpep, (e~2V 0/1 1) (68) 


These are, however, not the only components of hole 
current which can cross the two junctions. When a 
hole diffuses over the forward biased emitter junction, 
it will in its random path through the n region tend to 
diffuse toward the collector because of the decreased 
concentration of holes in that region. Once it stumbles 
into the collector transition region, it will be swept into 
the collector p region because of the high reverse bias 
and resulting field across that region. Once out of the n 
region it can be replaced by another hole diffusing over 
from the emitter p region. The electron flow does not 
play any role in this action since a hole moves out the 
collector at the same time a hole moves in through the 
emitter and no net charge has been added to the base. 
The emitter junction thus looks like a generator of holes 
junction, and the collector junction 
looks like a recombination sink for holes to the emitter 
junction. A hole once injected into the p region can 
diffuse a distance W’ and then appears to recombine 
The effective diffusion length of the injected hole for 
this process is W’. Thus 


to the collector 


/ MN \ ID r (9) 


where is the average time which the excess hole 
can exist once injected into the base region. This is 
known as the transit time, and is the average time re- 
quired for the hole to diffuse across the base from the 
emitter junction to the collector junction where it ap- 


pears to recombine. Equation (69) can be rewritten as 
Weep (70) 


The hole current which can flow from emitter to col- 
lector junction by this means is a composite of Eqs 
(33) and (46), where the diffusion lengths and life- 
times are replaced by the effective values of Eqs (69) 
and (70) 


ql ce /T e¢ (p 


q Dp Pr/W' (ete f ) (71) 


As W’ is made smaller, this component of hole current 
can thus be made to increase. The total current flowing 
into the emitter contact is thus given from Eqs (65), 
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(67) and (71) by 


le Ine tT Jpeb 1 Jpee 
CJned, + Jped,) (et ob/87 1) gq Dppa/W' (ev a!*1 


—e Walk) (72 


rhe total current flowing into the collector contact is, 
from Eqs (66), (68) and (71), 


J Jneb 1 Jpch — Jpe 
(inc, + Jpcd,) Ce 2¥ eo!*? — 1) — q Dypn/W' Cer" eo/*? 
—e-WalkT) (73) 
The total current flowing into the base is 


Jo = Je = Jo 
adious (Jneb, t Jped,) (e%" a 1) 
T J pet ) fe av op /kT 


— (jn, -1) (74) 


In these equations, all currents flowing into the transis- 
tor are given as positive in accordance with convention. 
[he important features of these equations are the fol- 
lowing: While the collector current in Eq (73) is 
nearly independent of the collector junction voltage V.», 
it can be a very strong function of the emitter junction 
voltage because of the positive sign in the exponential 
term containing V,,. On the other hand, the emitter 
current in Eq (72) is essentially independent of the 
collector junction voltage V,,. A small change in emitter 
bias can thus cause a large change in current in the 
emitter-to-collector loop. Since this current is nearly 
independent of the collector voltage, it can still be main- 
tained even if the collector voltage is made to decrease 
by a large amount. Equations (72) and (73) thus 
permit the simultaneous occurrence of large changes in 
emitter and collector currents, a small change in emitter 
voltage, and a large change in collector voltage. If the 
product of the change in emitter current and emitter 
voltage can be made small while the product of the 
change in collector current and collector voltage is 
large, the system is capable of amplification. In design- 
ing a transistor one wishes to make the quantity 
qD,p,/W’ large compared to the values jo», and joer, so 
that current changes in the emitter will be reflected by 
nearly equal current changes in the collector. This can 
be achieved if the following relations are maintained: 


W'/La< 


U 


1 and p, Lae/W'np>>1 (75) 


Thus, small widths and large equilibrium concentra- 
tions of holes in the base are desirable factors. The 
latter will be achieved by keeping N, and thus n, 
relatively small since the p,n, product will always be 
n,°. Hence the base resistivity, p,, will usually not be too 
low. The small base widths and high base resistivity, 
however, imply that the base resistance to electron flow 
is not so trivial. This base resistance, r’,, is given by 


r’ p,/W (76) 


where C is a constant factor depending on the geometry 
of the transistor. Since electron current is flowing into 
the base in accordance with Eq (74), some of the 
battery voltages will be used up across this resistance 
Hence the voltages V,, and V,, appearing across the 
emitter and collector junctions will be related to the 
battery voltages V, and V, by the equations 

(77) 
and 


JANUARY 1959 


Equations (72), (73), (74), (77) and (78) can be 
combined to give the d-c static characteristics of the 
grounded base transistor, provided one remembers that 
the quantity W’ is actually also dependent on the emittet 
and collector voltages. This is true since W’ is the dis- 
tance between the edges of the two transition regions 
and these regions vary in width with the applied bias. 
The width of the emitter transition region is small since 
the emitter junction is forward biased, and hence 
variations in this width can be neglected compared to 
variations in the width of the collector transition region 
d.. This width is given in accordance with Eq (19), 
provided the barrier potential +, is replaced by (+, + 
V»). Thus 


d. 10 Vv K hon + Ve) (N bt N Ac)/ N D Nac (79) 


= Wok wt Valen@= W-hv Vales OO 


where W is the actual width of the n-type base region. 
Typical static characteristics for a grounded base 
transistor in the active regions of operation are as 
shown in Fig. 25. As long as the collector junction 
voltage V.» is kept negative, both the emitter and col- 
lector currents in Eqs (72) and (73) will be dominated 
by the factors (qDepn/W’) exp qV.»/kT and hence will 
be essentially proportional and independent of the collec- 
tor voltage. We thus have the approximately horizontat 
straight lines in Fig 25a for V. negative. As the col- 
lector voltage increases, the effective base width V 
will decrease slightly and hence the emitter voltages must 
decrease slightly to stay on a line of constant emitter 
current. Hence the slightly decreasing curves of V, vs 
increasing V, in Fig. 25b. Since V, decreases as the 
collector voltage V, increases, the hole concentrations 
at the edges of the transition regions in Fig. 24 both 
decrease as we move up in collector voltage on a line 
of constant emitter current. Hence the region depleted 
of holes in the base increases, thereby enabling more 
holes to be generated and to flow across the collector 
junction. Therefore, the magnitudes of /, will actually 
increase very slightly with increasing V, in Fig. 25a. 
If the collector voltage is made too large, either one 
of two things can happen which will change the char- 
acter of these curves. The collector junction can reach 
the breakdown voltage and the collector currents can 
begin to increase enormously, independent of the 
emitter current. If this happens the static characteristics 
of Fig. 25a would look as in Fig. 26. If the base width 
of the transistor is very small, W’ in Eq (80) may go 
to zero at a voltage lower than the collector break- 
down voltage. If this happens, the collector is said to 
have punched through to the emitter. The voltage at 
which W’ goes to zero is known as the punch-through 
voltage. As the punch-through voltage is approached, 
the base resistance of r,’ defined in Eq (76) becomes 
enormous. Thus, if the collector voltage is increased, 
this added collector voltage goes in the main across 
the base resistance. This increased voltage drop across 
the base resistance according to Eqs (77) and (78) 
forces One to increase the emitter battery voltage J 
by an amount equivalent to the change in } 
to maintain the voltage V, 
The slopes of V, vs V 


in order 
across the emitter junction 
in Fig. 25b will thus approach 
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Fig. 25—Typical static characteristic of a transistor connected 






































Fig. 26—Static characteristic of a transistor where the collector 
voltage reaches breakdown at approximately 9 volts 
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Fig. 27—Typical common base transistor amplifier. The tran- 


sistor in this circuit shows a power gain of 50. (See text.) 
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in common base arrangement. 


unity as the punch-through voltage is approached. 
Either the collector punch-through voltage or the col- 
lector breakdown voltage (depending on which is the 
smaller) will limit the region of useful collector voltages 
for the particular transistor in operation. 

To see how the static characteristics depicted in Fig. 
25 can lead to a useful power gain, let us suppose than 
an external load R;, of 5000 ohms is placed in the col- 
lector loop as shown in Fig. 27. Let V, be 10 volts 
and V, be 0.15 volt. We will thus be operating approx- 
imately on the 1 milliamp current line. The current in 
the collector loop is given according to Fig. 25 as 


IL=al,=0.95 1, (81) 


The voltage across the load resistor is thus given as 


Vi =- I. Ry 


5 volts 


The voltage across the collector junction must there- 
fore also be approximately 5 volts. Now, let a square 
wave current generator be added to the emitter loop 
so that the current swings between zero and 2 ma. 
The emitter voltage will thus swing according to Fig. 
25 between zero and 0.18 volt. The average a-c power, 
P,, delivered to the emitter loop by the generator is 
approximately 


(Al, /2) (AV,/2 


9 < 10-5 watt 


(1 ma) (0,09 volt) (83) 


P, a—o 


according to Eq (81), when the current in the emitter 
loop is 2 ma, the current in the collector loop will be 
1.9 ma. The voltage across the load will change from 
5 volts to 9.5 volts. The voltage across the collector 
junction has accordingly dropped to 0.5 volt. When 
the current in the emitter is zero, the current in the 
collector has gone to a trivially small value. Thus, the 
voltage across the load goes to nearly zero and the 
10 volts appear across the collector junction. The 
average a-c power dissipated in the load is 

Piss 


(Al,/2) (AV 1/2) (0.95 ma) & 4. 


1.5 X 1073 watt 


75 volts) 


The average a-c power dissipated in the collector 
junction is 
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= (0.95 ma) X (4.75 volts) (85) 
= 4.5 X 107? watt 


(AI. /2) (A Ven/2 


Po a0 


The average power delivered by the collector battery 
is the same as it was before the a-c generator was put 
into the loop, namely 


Py, I, V- = (0.95 ma) X (10 volts) (86) 


= 9.5 X 10° watt 


The collector battery is thus supplying power to the 
collector loop at an average rate which is essentially 
independent of a-c signals in the emitter. This power 
is dissipated partly in the collector junction and partly 
in the load. The action of the a-c signal in the emitter 
loop is such as to efficiently convert these d-c power 
dissipations in the collector loop into a-c power dis- 
sipations. The ratio of the a-c power dissipated in the 
load to the a-c power used by the generator in the 
emitter loop will give one a measure of the a-c power 
gain. Thus 


Pra _ (0.95 ma) X (4 75 volts) (87) 
P, (1 ma) X (0.09 volt) 


Power gain 
50 


There has been a slight loss in the ratio of output-to- 
input current signals, but much more than this has 
been gained in the ratio of output-to-input voltage 
signals. 

This power gain has come about because of three 
facts. First, only a small voltage on the emitter was 
necessary to get a fairly large current change in the 
emitter. That is, the dynamic impedance looking into 
the emitter-to-base terminals is low. This dynamic im- 
pedance will decrease as the emitter bias current in- 
creases (as can be seen from Fig. 24) until the emitter 
junction resistance becomes comparable to the base 
resistance, r,’. Second, to get amplification, collector 
current must not increase very much as voltage between 
collector and base is increased, while the emitter cur- 
rent is held constant. That is, one must see a high 
dynamic impedance when looking into the collector- 
to-base terminals. If this is not so, one cannot cause a 
voltage change to occur over a high output load when 
the current signal is changed. Maximum a-c power can 
be delivered to the load when the load is matched to 
this dynamic output impedance. Third, one must have 
a significant change in collector current for a constant 
collector voltage when the input current is increased. 
This change, known as a, is the only way that the 
emitter junction can communicate a current signal to 
the collector junction, since the latter has a resistance 
large compared to r,’. The most desirable value of a 
would be unity. It must not be so small as to cause the 
losses in current to offset the gains in voltage. 

One can also operate the transistor by grounding the 
emitter and putting a small current signal into the base. 
(See Fig. 28a.) This signal, equal to (1 —a) Al,, will 
cause a current in the collector equal to a Al,. There 
will thus be an a-c current gain equal to a/(1 —a), 
which can be made quite large if a is close to unity. 
This mode of operation also leads to a voltage gain 
sO one is again led to a power gain. 

If the collector is grounded, and a small a-c current 
signal is put into the base, there will again be a cur- 
rent gain. (See Fig. 28b.) For a step of current in 
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Fig. 28—Transistor in (a) common emitter configuration and 
(6b) common collector configuration. 


the base equal to (1 —a) Al,, a current will flow in 
the emitter equal to A/,. The current gain is 1/(1 — a), 
which is not very different from the grounded emitter 
current gain for a close to unity. This mode of opera- 
tion does not, however, lead to a voltage gain and 
hence will normally give a much smaller power gain 
than the grounded emitter configuration. In fact, since 
the grounded emitter configuration gives both a current 
gain and a voltage gain, this is the most useful mode of 
operation because circuit stages can be cascaded with- 
out a loss of either current or voltage. 

There is by no means a unique a-c equivalent circuit 
for the transistor. One which is not too fancy is shown 
in Fig. 29. The resistance r,’ is as given in Eq (76). 


Fig. 29-—Transistor equivalent circuit. 





Since the d-c bias emitter current is much easier to 
measure than the emitter junction voltage V,,, the 
emitter junction resistance, r,, is usually given in terms 

of the emitter bias current /,. Its value is 
re = kT/q X 1/1, (88) 
rhe collector resistance, r,, will depend on W’ and 
hence on the bias collector voltage, but in most cases 
its value is limited more by how well the collector sur- 
face region has been cleaned up than by other proper- 
ties. Its value is thus rather empirical. The collector 
branch appears to have a current generator in it equal 
to aAl,. The value of a can be calculated from Eqs 

(72) and (73) and is given by 

: | (89) 

T Jed,” 


a [ q D, Dn Ww" 
qD, p,»/W’' + Ine, ped, 


rhe quantities jn», and jr, represent, respectively, the 
electron current crossing the emitter junction and the 
hole current lost in the base due to recombination. It 
is desirable to make these factors as small as possible 
so that «a is approximately unity. If the emitter currents 
become so large that the number of holes injected in 
the base becomes greater than the number of electrons 
in the base to begin with, the value of the electron 
saturation current (jx,) will increase and a will de- 
crease. Thus, for very large emitter currents, a will 
begin to drop. If the frequency of the input signal be- 
comes so high that the injected holes cannot travel 
across the base region in a half cycle, the injected holes 
will be pulled back out of the emitter rather than be 
collected by the collector. Thus, at high frequencies a 
will begin to fall. The critical frequency where a begins 
to fall significantly, f,,, will be related to the transit 
time in Eq (70). Thus 


fea = Dp/x W” (90) 


There will also be capacitances associated with the 
transition regions of the emitter and collector as in 
the junction diode. These capacitances, C, and C,, are 
shown in Fig. 29 and are given as in the diode by Eq 
(65). There is thus a time constant (r,’C.) associated 
with the collector loop which can limit frequency 
response and a time constant (r,C,) associated with the 
emitter loop. Except in very high frequency transistors, 
the latter time constant is of little importance because 
of the small value of r,. To obtain very high frequency 
amplifiers one is caught between keeping r,’ low and 
af,, high. Keeping r,’ low requires large W and small 
po. Keeping af, large requires small W and large 
pp. Several modifications of the standard structures, 
such as grading the impurity concentration in the base, 
inserting an intrinsic region between the collector p 
region and base, and geometrical structure changes 
have been used to help out this situation. The critical 
temperature where the transistor will cease to function 
will be determined by the point at which the base 
resistivity becomes intrinsic. This is determined by the 
temperature for which n; becomes comparable to the 
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doping concentration N,, or the equivalent majority 
concentration n,. Hence, the critical temperature will 
be determined by n, and Eq (5) for n,*. This critical 
temperature will thus increase with increasing gap 
width. Germanium transistors will usually break down 
at about 85 C while silicon transistors will break down 
near 150 C. 

The design of high-power transistors thus mainly 
requires high gap materials and geometrical considera- 
tions which will enable a rapid dispersion of the power 
dissipated in the collector junction. 

The other major use for transistors, other than small 
signal linear amplifiers, is as a combination switch and 
amplifier in electronic computers. 

When used as a switch, the transistor is operated in 
either one of two states; the ON state, or the OFF state. 
In order to demonstrate how the transistor can be used 
as a switch, let us consider the following example. In 
the OFF state let the emitter be grounded. Let V», be 
such as to reverse bias the emitter slightly. Let the 
emitter-to-collector voltage V, be such as to reverse 
bias the collector junction. Since both junctions are 
reverse biased, only a trivial amount of current will 
flow through a load, R,, placed in the collector loop. 
Let the polarity of Vz, now be switched so as to 
forward bias the emitter junction. If V, is sufficiently 
large that the current pumped into the collector 1s 
equal to V,/R,, all of the emitter-to-collector voltage 
V.. appears across the load resistor R, and the tran- 
sistor is effectively acting as a short between the emitter- 
to-collector battery and the load. The current which the 
emitter-to-base voltage can pump into the load is de- 
termined by V, and R,. A small base voltage V», can 
force the total large voltage V,~ to appear across the 
load, and there has thus been a power gain in the 
process of turning on the switch. If the base voltage 
V,, is made larger than that necessary to turn on the 
limiting current V,/R,, both the emitter and collector 
junctions will become forward biased. Thus, according 
to Eqs (63) and (64), even though the current is no 
longer increased, the concentrations of holes and 
electrons in the base will continue to rise with the base 
voltage. If the transistor is now turned off again, these 
excess hole-electron pairs, due to overdriving the switch, 
must get out before the current can begin to fall again. 
This time before the peak current begins to fall is 
known as the storage time. Since the transistor has been 
made so that hole currents can cross the junctions 
easier than electron currents, the rate at which the 
excess electrons in the base can cross the junctions will 
usually determine the storage time. These rates were 
determined by jae», and jneo,. While these terms were 
undesirable in an amplifier, a fast switching transistor 
would like to have these terms lower without sacrific- 
ing too much gain. There will also be a rise time and 
fall time to the current through the switch. These times 
are determined by the transit times of the holes through 
the base and are thus approximately the inverse of the 
a cut off frequency f,, 000 
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European Developments 
in Electronic Comp 


1s in the United States, new components 
development depends on research in basic 
materials and associated techniques. Some 
European work in magnetic materials, 
capacitors, resistors, potentiometers, bat- 


teries. and other areas is reviewed here. 


G. W. A. DUMMER 
Royat Rapar EstaBLisHMENT 
Malvern, England 


THe Unitrep KInGbpoM probably contributes more to new 
component development than most European countries 
due to its intensive research and development on new 
materials and techniques. The influence of military re- 
quirements and the atomic energy program, combined 
with military sponsorship of development contracts with 
industry, has led to the introduction of many new 
components. 

In Germany there was no development of military 
components for some years after the war. Much atten- 
tion was, however, given to commercial components 
operating over normal temperature ranges. These re- 
ceived tremendous impetus due to the enormous market 
created by the reconstruction program at the end of 
the war. 

In France, the Compagnie Generale de Telegraphie 
sans Fil operates some 20 to 30 plants manufacturing 
all types of components. They maintain their own lab- 
oratories in which they carry out fundamental investi- 
gations. 

In Italy, industry has been subdivided since the war 
into four main categories—chemical, building. engineer- 
ing and primary products. From the chemical section 
have come new plastics for many requirements. 

In Holland, the Philips organization contributes the 
majority of research and development in components. 
This is one of the largest organizations of its kind in 
Europe and employs some 40,000 people in Holland; 
in its factories all over the world over 130,000 people 
are employed. Components of all types are made in the 
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onents 


Kindhoven factory. Considerable research work has been 
done at Eindhoven as shown by the development of 
ferrites, well known all over the world. 

Norway, Sweden, Belgium and Switzerland are en- 
gaged mainly in the manufacture of components. Sufhi 
cient research and development work is done, however. 
to keep these countries conversant with modern tech- 
niques and trends. Switzerland has tended to specialize 
in the manufacture of precision components. 

The organizations covering component research and 
development in europe vary from considerable govern- 
ment sponsorship in the United Kingdom to countries 
such as Belgium, where most development is commercial. 

European practice is closely allied to the American. 
Research and development work is conducted by large 
industrial organizations, with military components spon 
sored by military organizations. 

The following items (components and basic materials ) 
have been selected as being of interest in the United 
States of America. In each case the country and firm 
of origin are given so that further information can be 
obtained if required. It is emphasized that brief details 
only can be given in a review of this type. 


Magnetic Materials and Devices 


Holland 


Ferrites: N. V. Philips Gloeilampenfabrieken, Indus 
trial Components & Materials Div., Eindhoven, Holland. 


Hexagonal Ferrites (Ferroxplana). These new ferrites 
are characterized by the retention of normal magnetic 
properties at frequencies of 100 to 500 me so that high 
permeabilities can be realized almost into the micro 
wave region. Typical permeabilities are 30 » up to 300 
me and & » up to 500 me. 

Applications may be found in vhf aerials and trans 
formers and in pulse transformers with very short rise 
times. 

Cubic Ferrites (Ferroxcube). Two other new ferrites 
are in preproduction and development: Ferroxcube 3B% 
and 3B8. These are new mangnese zinc ferrites with 
considerably lower hysteresis and residual losses than 
existing materials in the range of 3-300 ke. (For 3B7, 
tan 6/ at 100 ke is maximum 5 & 10°.) 

These low losses, together with a temperature coefh 
cient of Ap/p?AT~ 0.5 < 10 deg ( 
stability, make these ferrites suitable for pot cores of 


and excellent 
high Q coils, for example, for filters in telecommunication 
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Fig. 1—Magnet gear wheels utilize modern permanent magnet 


materials. (Smith's Aircraft Instruments, England.) 


equipment, or for loading coils. In many cases, the out- 
standing properties of the new materials enable the con- 
struction of much smaller coils than with the old ferrites 
without loss in performance. 

Ferroxcube 7A is a new ferrite with excellent magneto- 
strictive properties suitable for electromechanical trans- 
ducers. Lse of this ferrite enables a fairly high power 
generation with a mechanical and magnetic Q of some 
2000 and 200, respectively, and a much higher energy 
efficiency than is obtainable with a nickel transducer 

up to 0.8). It is very appropriate for ultrasonic clean- 
ing or signaling apparatus. 

Ferroxcube 4H has a permeability of approximately 
350. Its losses in the 1.5 to 8 me range and, above all. 
the sensibility of its permeability to a biasing field (a 


biasing field of 25 oersteds reduces » to 10) make it 


very suitable as a core material in frequency-swept 
oscillators for a proton synchrotron. The material was 
especially developed for this purpose.* 


Great Britain 
Magnetic Gear Wheels of Low-Torque Counting Trains, 


etc.: Smith’s Aircraft Instruments Ltd., Cheltenham 
Road, Bishops Cleeve, Cheltenham, England. 


The idea of using magnetic repulsion to reduce fric- 
tion in light gear trains by preventing the gear teeth 
from touching is by no means new; several patents have 
appeared in the past. some of them as long ago as 25 
or 30 years. Some earlier difficulties, however, have now 
been overcome by the availability of newer permanent 
magnet materials. 

In principle, the teeth of the cooperating gear wheels 
(or even the entire wheels) are made of permanent mag- 
net material magnetized in a direction parallel to the wheel 
axis: each wheel pair is then arranged symmetrically. 
both being 


other. 


“north” on one side and “south” on the 

Because of the very short magnet length represented 
by the wheel thickness, difficulty was encountered in the 
early days in that there was no known permanent mag- 
net material of sufficiently high coercivity to withstand 
the self and mutual demagnetizing effects. Consequently. 
the wheels were made either unusually thick or as a 
thin center-web with the teeth in the form of compara- 


*Sec Ferrites for High-Powe Tuning,”” P. P. Lombardini and R. F. 
tz, Evecreican Manuractt , p 60, August 1958 


tively long. separate magnets spaced around the per- 
iphery. 

Since the modern permanent magnet materials, par- 
ticularly the ferrites, have up to ten times the coercivity 
of those used earlier. the demagnetization problem no 
longer exists. Moreover, by using the composite type 
of ferrite material consisting of the pulverized ceramic 
dispersed in a plastics binder, the wheels may be ma- 
chined by means of conventional methods. 

The pair of spur wheels illustrated in Fig. 1 have 
been machined from Caslox (a product of Plessey Com- 
pany Limited). With a pitch diameter of 0.75 in. and a 
thickness of 0.1 in.. the pair will transmit a torque of 


approximately | gm-cm. 


Potentiometers 
Switzerland 
Precision Potentiometer: Ohmag. Neuchatel, Switzer- 


land. 


This miniature 0.5-watt potentiometer (shown in Fig. 
2) has been designed to combine extremely low torques 
with high precision. It is approximately 1] in. in diam 
and 1.0 in. to 1.3 in. in length. Mounting shaft dimen- 
sions are accurate with respect to shaft alignment to 
within 0.001 in. (+000, —0.0005). Miniature precision 
ball bearings and wiper design keep starting torque 
down to approximately 0.007 to 0.0085 oz-in., with run- 
ning torques approximately half these figures. Resistance 
range is from 100 ohms to 75,000 ohms and electrical 
rotation is 355 +1 deg. break 5 
up to 500 or 3000 rpm according to type. Linearity of 
0.10 per cent) is guar- 


l deg for speeds 


0.25 per cent (—0.15 and 
anteed by control sheet. 


Great Britain 
Metal Oxide Film Potentiometers: G. V. Planer Lim- 
ited, Windmill Road, Sunbury on Thames, Middlesex, 
England. 


By spraying tin and antimony chlorides on heated 
glass plates, a hard, tough resistive film is formed. By 
photographic etching, a line can then be made into a 


3 and 4. Life 


potentiometer track as shown in Figs. 


Fig. 2—Precision miniature 0.5-watt potentiometer. (Ohmag, 


Switzerland.) 
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expectancy of over 500,000 sweeps is provided by a 
special segment plated on the track on which the wiper 
runs. An enlarged view of the meandering lines in a 
circular potentiometer is shown in Fig. 5. The advantages 
of these tracks are very high resistivity, good stability, 
good wear characteristics with temperature coefficients 
between 0 and +100 ppm/deg C. Resistance values in 
a 2-in. diam track may be 


up to 5 megohms. 


Resistors 
Holland 


Subminiature Cracked Carbon Resistors: N. V. Philips 
Gloeilampenfabrieken, Industrial Components & Mate- 
rials Div., Eindhoven, Holland. 

One of the smallest resistors of this type in the world. 
manufactured by Philips, is a cracked carbon resistor 
on a ceramic rod only 1.6 mm in diam and 7 mm long 
(0.06 in. diam x 0.27 in. long). It is made in values 
ranging from 10 ohms up to 10 megohms and is rated 
at 1/10 watt at 70 C (0.2 watt at 
have a stability better than 
ohms and 


40 C). The resistors 
+5 per cent below 47,000 
+10 per cent above that value. They are 
used in hearing aid receivers and subminiature trans- 
istor circuits. 


Great Britain 
Vetallized Glass-Fiber Resistors: Messrs. Painton & Co.. 
Ltd., Kingsthorpe, Northampton, England. 


This development is detailed in the appendix to this 
article, 


‘ 
Capacitors 
France 
High-K Capacitors: Compagnie Generale de Telegraphie 
sans Fil, 12 Rue de la Republique, Puteaux (Seine), 
France. 

These manufacturers have concentrated their efforts 
on the causes of breakdown with age in high-K ceramics. 
They have produced materials which cover a wide range 
of properties ranging from materials with a dielectric 
constant (K) of approximately 8000 over a limited tem- 
perature range with high resistivities. to materials with 
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Historical Background—European Contributions 


Since the introduction of the Leyden jar as a fixed 
capacitor, Volta’s pile as a battery, and Faraday’s 
platinum bar as the first fixed resistor, European 
developments in components have, until recent years, 
led the world. It may be of interest that the first 
aluminum electrolytic capacitor was developed in 
Germany in the late 1880s and that the modern 
thermistor was anticipated by Faraday’s discovery that 
silver sulfide possessed a high negative coefficient of 
resistance. Carbon composition resistors, cracked ear- 
bon resistors, ferrites and many other 
have stemmed from European research. 

American developments since the first World War 
have become of increasing importance; it would be 
true to say that after the second World War, Ameri- 
can developments have progressed at an astonishing 
pace. At present, research and development 
effort on electronic components and materials is 
effective in the United States of America than in the 
whole of Europe (excluding Russia). 

It is notable that European standardization of com- 
ponents has made considerable the 
second World War. The influence of IEC (Inter- 
national Electrotechnical Commission) on commer- 
cial components and NATO (North Atlantic Treaty 
Organization) on military components has been to 
bring European nations much more closely together 
in component standardization than ever before. 

There is a tendency to adopt U.S. types as main 
standards, modified by European British) 
requirements. It would seem that the progress of 
European component standardization will continue 
(particularly for military purposes). The effect on the 
national specifications of each country has been an 
alignment toward IEC NATO 
specifications. 


components 


more 


progress since 


(mainly 


and international 


a Kk of 1000-2000 capable of operating at temperatures 
of 150 C. In both cases, leakage current is understood 
to be very low even at 150 C. It 
that progressive decay in the insulation properties, so 
common with titanate-based 


is also understood 


materials. is not present. 

Capacitors have also been made for use at 24 volts 
d-c with thin sheets, 0.1 mm (0.004 in.) thick, obtained 
by laminating and casting. These are used as flat shapes 


or wound. The maximum capacitance is of the order 
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Fig. 3—Metal-oxide film potentiometer 
made by a photo-etched process by G. V. 
Planer, Ltd., England. 


Fig. 4—Another configuration of metal- 


oxide film potentiometer. 


Fig. 5—Enlarged view of the meandering 
lines in a circular oxide-film potentiom- 
eter (see Fig. 3). 
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of 75,000 pyf per sq cm. It is not desired to reduce 
this thickness, as 0.05 mm (0.002 in.) corresponds to 
the maximum size of processing accidents such as air 
bubbles and various inclusions. Wound two-sheet capaci- 
tors have been made with a capacitance of 0.5 pf in a 
total volume of 2 cu cm. 


Capacitor Dielectrics 


Great Britain 
Thin Plastics Dielectric Films: Dr. Yarsley’s Research 
Laboratories Ltd., Oaklands, Clayton Road, Chessing- 
ton, Surrey, England. 

Thin films have been made from high-molecular-weight 
polystyrene cast from a solvent on the polyester film 
used as a carrier. Subsequent stripping results in a good 
quality film which has been produced in a_ thickness 
of 0.1 mil (2.5 »). Such films are relatively easy to 
handle and, when stripped from the backing, make up 
into small capacitors with a volumetric gain of about 
5 over paper capacitors. The dielectric properties are 
identical with normal polystyrene. 

A high-molecular-weight copolymer of styrene with 
a-methylstyrene appears to be ideal for the extrusion 
of thin films. Early work produced such films of 0.5 
mil (12 ,), but it is anticipated that the thickness will 
be greatly reduced. Capacitors made from this film should 
be usable at 125 C or higher, according to the ratios 
of the materials making up the copolymer. The same 
copolymer can be cast to produce films down to 0.1 
mil, but these are slightly brittle. 

\ lacquer technique is being investigated in which 
high-molecular-weight polystyrene or the copolymer is 
deposited only 0.02 mil (0.6 ,) in thickness. In con- 
junction with aluminum electrodes. this 
construction should produce very high capacitance in a 


evaporated 


small volume. 

Although metallizing, demetallizing and stripping of 
these films has been done experimentally. work is now 
in hand to evaluate the various types of films and con- 
structions in the form of capacitors for use with trans- 
istors (working voltages will not exceed 50 and may be 
very much less). 


Batteries 


Norway 
“Inside-Out” Cells: Norsk Akkumulator Co. A/S, Oslo, 


Norway. 


A packet is made of zinc electrode plates, porous sep- 
arator plates soaked in electrolyte, and depolarizer plates 
of manganese dioxide, as shown in Fig. 6. The whole 
packet is pressed either into a plastics container, vac- 
uum metallized with a highly electro-positive metal such 
as gold or platinum, or the container may consist of 
any drawn metal casing, the inside of which is pro- 
tected from the electrolyte by a conductive plastics foil 
such as carbonized poly-isobutylene. The container or, 
alternatively, its metal coating acts as the positive ter- 
minal. The advantage of this cell construction as com- 
pared to the conventional cell is that the whole volume 
is occupied only by active materials in correct electro- 
chemical quantities and no deterioration of the casing 
occur®rs. 

A similar type of construction is also shown (Fig. 7 
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Fig. 6—Norwegian design in battery cells in which the whole 
volume is occupied only by the effective electrochemical 
materials. (Norsk Akkumulator Co.) 
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Fig. 7—A cell construction similar to that shown in Fig. 6. 
with a still higher utilization factor. 























Fig. 8—-Two cells of the type shown in Fig. 7 welded into one 
airtight assembly. 


where a still-higher utilization factor is obtained. The 
sandwiches of zinc electrode plates, porous separator 
plates and depolarizer plates are made up as before. A 
thin foil of conductive plastic runs through the middle 
of all the depolarizer plates. This foil is sometimes 
electrically reinforced by a metal insert as shown. This 
foil strip also makes the positive terminal. By means 
of this method, no metallic or metallized plastics casing 
is necessary for electrical reasons. An especially low- 
ohmic contact is also made to the depolarizer plates. 
The whole packet is held together with a plastics sleeve. 
Figure 8 shows the assembly of one such cell into two 


ELECTRICAL MANUFACTURING 





RSLS See ee eee Sees eeeeeeeeeeess SSS SSS SIS esr rrrrs 








Fig. 9 —Construction of Ger- 
man battery-operated motor for 
































portable tape recorders and in- 








struments. (Christian Dunker 
Corporation, Germany.) 
































plastics cups, welded together. The electrodes are welded 
into the seam and make a fully airtight construction. 


Battery-Powered Motor 
Germany 


Battery-Operated High Efficiency Motor: Christian Dun- 
ker Corp., Bonndorf, Black Forest, Germany. 

The small motor (approximately 1 in. in diam and 
214 in. long) was especially designed for portable tape 
recorders, record players, and other instruments where 
low consumption of current is of prime wmportance. Its 
efficiency amounts to not less than 62-75 per cent. 

This motor can be supplied with or without a gov- 
ernor. The governor-equipped motor has a “wow.” o1 
momentary speed variation. of less than 0.3 per cent. 
The useful life of the motor is up to 4000 hr. The supply 
voltage may vary between 2.4 and 12 volts. 

The extremely high efficiency is due to the iron-free 


armature which consists of coils only, and which runs 
in a very narrow air-gap. The magnetic field is pro- 
duced by a high-quality permanent stationary magnet 
located inside the coil armature. Construction is shown 
in Fig. 9. 


Miscellaneous 
Switzerland 


New Silvering Solutions: Dr. W. Silberman, Alte Land- 
strasse 160, Kusnacht, Zurich, Switzerland. 


A range of silver paints for metallizing various di- 
electric surfaces such as glass and ceramics has been 
developed; they are known as Thermargan paints. They 
are characterized by extremely small-size silver particles 
(average under 5 »). They have good adhesion and 
extremely satisfactory solder wettability. They are cap- 
able of being stored for long periods without forming 
sticky deposits. 





Metallized Glass-Fiber Resistors— 
a British Development 


Fig. 1—Variation of resistivity with film thickness for gold- 
platinum alloy. 
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high-value resistors by 


THE POSSIBILITY OF PRODUCING 


straightforward metallic conduction has always been an 
attractive one. But as the skill required to manipulate fine 
wires for wirewound types began to reach its limit, atten 
tion has turned to thin metallic films. Suitably thin metallic 
films can be obtained by evaporation or sputtering of the 
metal, but it is not easy to provide the necessary protection 
against atmospheric attack for this type of film. 

An investigation into the method of firing resinates of 
precious metals into the surface of glass revealed that 
electrically stable films could be made in this way. (1, 2)* 
This technique has been used for centuries in the decoration 
of pottery. Gold and platinum were considered very suitable 
metals for the film because of their resistance to oxidation 


*Ita numer n pa theses refer to Cited Refore satend of arti 





Characteristics of Metallized Glass-Fiber Resistors 





Type No. GF5101 Type No. CF 5306 


Characteristic 


Dimensions (lacquered): 
Diameter, approx. 14 in. 
Length 16 in. 


Ohmic range 
Tolerance +10 per cent 
+ 5 per cent 
+= 2 per cent 


2.7 KQ — 700 KQ 
10 KQ -— 700 KQ 
30 KQ — 700 KQ 


Wattage rating at 70 C ambient 
Values above 20 KQ* 


1 watt 


Positive—lies between 0.03 per cent and 0.04 per cent per deg C over the entire ohmic 
range. 


Temperature coefficient 


Load stability Of the order of 0.1 per cent after the application of 300 volts, direct potential (subject 


to not exceeding the power rating) for a period of 2000 hr at a 70 C ambient. 


Of the order of 0.01 microvolts/volt. Inherently low, generally less than that of the 
wirewound with its conventional weld between dissimilar metals. Appreciably lower 
than that of the deposited-carbon resistor. 


Noise level 


Has fewer turns than a wirewound resistor of the same ohmic value so inductance is 
considerably less; turns ratio is about 1 : 500 in comparison with a wirewound of the 
same ohmic value using, say, 48-gage resistance wire. 


Inductance 





*For lower values it is necessary to reduce the rating, because the few turns of glass fiber restrict the extent to which heat can be transferred from 


the iber to the heat-conducti: g core 


during the firing process and afterwards, thus giving long- 
term electrical stability. 

Although metal films of a thickness of 1000 Angstroms 
and less may be produced by evaporation, sputtering and 
reduction from aqueous solution, it has been found that 
noble-metal films when bonded on the surface of glass can 
form extremely stable resistances under certain conditions. 
The thickness of the film should not be less than 300 A, 
and the film should be firmly bonded to the base material. 
Pure noble-metal films give low resistances, but alloy films 
of gold and platinum have suitable electrical characteristics 
for this type of resistor. Plain films would not give high 
resistance values, so alternate lines are engraved or photo- 
etched across the resistor to produce a long, narrow re- 
sistance path. 

rhe proportions in which the metals are mixed affect 
the resistivity and the temperature coefficient. An alloy of 
80 per cent gold and 20 per cent platinum gives a resistivity 
of 60 microhm-cm at 1000 A with a temperature coefficient 
of 0.025 per cent, while an alloy of 60 per cent gold and 
) per cent platinum has a resistivity of 75 microhm-cm 
at 1000 A with a temperature coefficient of 0.06 per cent. 
The variation of resistivity with thickness of the film is 
shown in Fig. 1. 

Resistors on flat plates have been made by first coating 
a sheet of chemically clean glass with a solution of gold 
and platinum compounds in an essential oil such as oil of 
rosemary or lavender, and firing in an air oven at about 
400 C. This reduces the metal compounds to metal, but in 
a form which does not adhere to the glass, so that a pattern 
of lines can be placed on the film to form a long continuous 


136 


resistance path. The plate is then fired again at about 600 
to 700 C (depending on the glass) to form an extremely 
adherent patterned film of metal. (3). 

Flat film resistors of this type have been on the market 
in the United Kingdom for some years, while the laboratory 
test results extend over seven years. The satisfactory long- 
term test results which have been accumulated give every 
confidence in the use of the gold-platinum film. 

Although the flat plate resistors possess certain virtues, 
such as negligible inductance and the ability to be produced 
as complex resistor networks by photographic methods, the 
cylindrical shape of the glass-fiber resistor has proved more 
attractive to equipment designers because it lends itself 
readily to automatic assembly. Also. the resistance per unit 
volume is greater than that of the flat rectangular shape. 


Construction of the Metallized Glass-Fiber Resistor 


Although it was relatively easy to make specimens in 
the laboratory, much work was required to turn the process 
into a production proposition. (4, 5) It has been found 
necessary to conduct the manufacturing process under con- 
trolled conditions of temperature and humidity. 

The glass fiber has a diameter of 0.001 in., it must be 
free from flaws (particularly variations in diameter), and 
it must be sufficiently flexible to wrap around a small- 
diameter core. In addition, the surface of the glass must 
be suitable for association with the alloy during the metal- 
lizing process. 

This process is carried out on a machine which runs the 
fiber through a bath of the metallic lustres followed by a 
furnace which burns off the carbonaceous matter to leave 
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Fig. 2 


a thin coating of the alloy on the surface of the glass. A 
subsequent process at high temperature fires the metallic 
film into the glass fiber. 

This metallized fiber is handled in a manner exactly 
similar to that used for the winding of very fine wire 
resistors and it is generally found that an operator who 
has had experience in winding fine wires has no greater 
difficulty in using the fiber. 

The core onto which the fiber is wound consists, in the 
smallest size, of a sintered alumina ceramic cylinder ap- 
proximately %2 in. in diam and %@ in. in length, of which 
the winding occupies approximately 1 in. 

Sintered alumina is used because of its heat-conducting 
properties; it has a conductivity approaching that of steel 
and it also has a coefficient of expansion which does not 
conflict with that of the glass fiber which it has to support. 

Silver-clad copper lead-out wires are fixed into the ends 
of the resistor core. Wires of much finer gage. known a- 
inter-wires, are welded to the core end of the lead-out wires 
The inter-wires act as a conductor between the fiber termi- 
nation on the surface of the core and the lead-out wire. 

[he metallized fiber is embedded at each end in silvei 
paste which also covers the inter-wire, so that during the 
final firing process the paste is reduced to silver which 
alloys both with the precious-metal film on the glass and 
the inter-wire to give a pure metal connection from the 
film to the lead-out wire. 

This method of joining the resistive element to the lead- 
out wires compares favorably in reliability with that used 
for fine-wire resistors in which electrical welding generally 
is used to join a fine wire of refractory metal to lead- 
diameter and widely 
different melting point. It is the latter form of joint which 
is probably the greatest single cause of failure in wire- 
wound resistors. Despite the fragility of the glass fiber, 
it is found that very few failures occur at the silver joint, 


even during routine manufacture. The construction of the 
» 


out wires having a much greater 


resistor is seen in Fig. 

The resistor itself is protected for normal use by means 
of silicone varnish and epoxy resin and is covered by a 
silicone rubber sleeve, except in cases where the resistor 
is to be encapsulated directly into a resin compound. Where 
severe climatic conditions are to be met. the resistor is 
embedded in a plastic shell. 


Characteristics of Metallized Glass Fiber Resistors 


Two sizes are at present available. Characteristics are 
summarized in the accompanying table. 

As the metallized fiber has a high ohmic value per unit 
length (approximately 1 megohm per yard) and as the 
resistor has to be wound with complete turns of fiber (of 
which there are relatively few on the low value resistors) 
the tolerance on the latter has to be widened. For a similar 
reason it is not possible to improve on +2 per cent toler- 
ance for the maximum value present being obtained. Where 
resistors of ] per cent or possibly +0.5 per cent are 
required it is necessary to use selected pairs. 
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Schematic diagram for Painton’s Fiberloy metallized glass-fiber resistor. 
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Fig. 3—Size comparison between 14-megohm wirewound re- 


-istor (top) and metallized glass-fiber resistor, same value. 


Che normal epoxy-coated resistors suitable for encap- 
sulation are capable of operating at surface temperatures 
hetween —55 and -++-150 C. A different coating can be 
applied which enables the resistor to operate at 250 C 
hut is not as suitable for encapsulation. There is every 
prospect in the near future of obtaining resistors for service 
ip to 350 C, 


Applications 


The advent of the metallized glass-fiber resistor has 
provided the equipment designer with resistors which have 


a relatively high ohmic value and very small size or which 


have a high ohmic value and a size comparable with that 


of the conventional wirewound resistors. For instance, it is 
possible to wind glass-fiber resistors up to 10 megohms on 
diam with single-layer 


i core of 2 in. in length by. *@ in. 


winding. Furthermore, their performance is comparable 


to that of their wirewound counterparts and they 


possess 


the additional advantage of much lower inductance. 


Figure 3 compares a 15-megohm glass-fiber resistor and 
i single-layer wirewound resistor of the same value using 


50-gage nickel-chrome wire 
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10-Bit 


Resolution in 


Shaft-Position to Digital Encoder 


The two 


guity and size 


“gremlins” in efficient, accurate shaft-position to digital conversion—ambi- 


have been overcome in a newly designed encoder. Using logic circuitry 


and a unique double track for the least significant figure, it provides extended range 


to the applications of this essential component for computing and data processing 


systems. 


2° track 


oo 
i a 


Fig. 1—Normal arrangement of conducting and non-conducting 
segments on two tracks of an encoder. As the disk rotates in 
the direction shown, the brushes move from non-conducting to 
conducting areas to form outputs in accordance with the binary 
system. Absolute alignment of the brushes is required to insure 
that each brush makes and breaks contact in synchronization 
with the other 


Fig. 2—-Radial misalignment of brushes causes them to make 


and break contact out of synchronization, resulting in errone- 


ous signals. Sketch shows how misalignment results in count 
sequence of 0, 1, 3, 2, 3, 1 instead of correct sequence of 
» © 


W. E. STUPAR, Project Engineer 
Liprascorpe INCORPORATED 
Glendale, California 


\s A GENERAL RULE, one of the principle factors which 
limits the speed, efficiency and accuracy of a data proc- 
essing system is the read-in technique employed. In the 
case of systems used in such applications as process 
control, where most of the input information is in the 
form of analog signals, the characteristics of the system 
are limited by those of the analog-to-digital converte: 
used. 

An important step forward in data-processing tech- 
niques has resulted, therefore, from the successful devel- 
opment of a shaft-position to digital encoder that uses a 
single, 31-in. disk to produce a non-ambiguous, parallel 
read-out with a resolution of 10 bits per revolution. The 
encoder employs a unique internal switching network 
based on computer logic circuitry to eliminate ambiguity 
and accomplishes 10-bit resolution on the small disk by 
an ingenious staggering of bits on two concentric tracks. 

In deciding to use a straight binary read-out for the 
new encoder, Librascope engineers attempted to predict 
the future needs of computer and data-processing system 
designers who must repeatedly make a decision between 
decimal-based systems and components and those employ- 
ing a binary code. The systems themselves are generally 
programmed and used by persons who are trained in the 
decimal system, and the results are almost always used 
by decimal-minded individuals. However, the basic na- 
ture of the electronic circuits that make up the system 
is such that the binary technique is preferable in the 
arithmetic units and transmission lines. 

\s automatic control, data processing, and computation 
become more extensive and the equipment becomes more 
reliable, the need for human intervention and control is 
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sure to decrease. As a result, less consideration will have 
to he given to the human element and its requirements. 
It is worthwhile, therefore, to start designing components 
and subsystems for their optimum electronic usefulness. 
At the same time, temporary provisions can be added to 
satisfy the human requirements. In the case of the en- 
coder described here, this latter takes the form of a 
binary-to-decimal translator that may be “hung” directly 
onto the output of the encoder itself. 

Ambiguity. Since the prime purpose of the Libra- 
scope encoder is to provide a distinct set of binary sym- 
bols for each shaft position, the principal design problem 
has been that of insuring that no ambiguous output sig- 
nals occur as the shaft position changes. That is, within 
the resolution of the encoder, no signals should appear 
which are not directly related to a distinct shaft position. 

Since, in the pure binary numerical system, adjacent 
numbers can differ by more than one bit, the problem is 
to cause the simultaneous transition of these bits as the 
shaft position changes. In theory, this would require a 
set of brushes aligned with infinite accuracy on a radial 
line so that each brush would make and break contact 
with its respective disk segment at the same time. Unless 
this condition exists, it is possible for several different 
output signal combinations to occur in the time period 
between the instant the first brush breaks contact with 
an old segment and the last brush makes contact with 
a new segment. 

As an example, Fig. | shows the tracks and brushes 
that generate the output signals for a two-digit binary 
number. The dark areas are the conducting segments of 
the disk, while the light areas are the non-conducting 
segments. As the disk is rotated in response to changes in 
input shaft position, the two brushes make and break con- 
tact with the conducting segments. If the brushes are 
properly aligned radially, the sequence of output signals 
forms a correct binary count. However, if a brush mis- 
alignment exists, rotation of the disk results in an errone- 
ous count or ambiguity. Figure 2 shows the same set-up 
with the brush representing the higher-order digit mis- 
aligned so that it is advanced with respect to the lower- 
order brush. The sequence of signals and the corres- 
ponding decimal count which would result as the disk 
is rotated in a counter-clockwise direction are given. A 
computing machine receiving this erroneous count would, 
of course, produce incorrect results. This is especially 
true if the machine were designed to operate on every 
distinct bit of information it received. 

To compensate for errors of this type, some computing 
installations have been designed to operate only on infor- 
mation received during read-out periods. That is, infor- 
mation is not accepted from the encoder “on the fly,” 
but only when the input shaft has been stopped and 
locked. This procedure prevents the use of any count 
which might have resulted during the transient period 
between shaft positions; however, it greatly decreases the 
amount of data available to the computer in any period 
of time, since the input shaft must be repositioned, 
stopped and locked for each reading. 

Several encoders available today have been developed 
to permit “on the fly” reading without ambiguity. These 
encoders employ either special numerical codes which 
require that only one digit change at a time or some com- 
bination of electrical and mechanical techniques which 
prevents the occurrence of erroneous readings. The use of 
special numerical systems places the penalty of incom- 
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patibility on the disk encoder in that its output is in a 
form that is not acceptable to the computing machine, 
which in most cases will accept only pure binary or 
binary-coded decimal information. The output of the 
encoder must therefore be fed to a translating device, 
which converts the output signals to the particular nu. 
merical system used by the computing device. 

Another method of eliminating ambiguity uses the 
“double brush” system in which the brush on the more 
significant track is replaced by two brushes. These are 
aligned so that the angular distance between the single 
brush on the least significant track and each of the 
double brushes equals one half the angular length of 
the least significant segment. An electronic switching 
circuit controlled by the signal from the single brush 
representing the least significant digit eliminates the 
transition between conductive and non-conductive seg- 
ments. The problem is that this provision for switching 
increases the overall complexity of the system. 

The technique for controlling ambiguity developed here 
prevents the transition of any of the nine most signifi- 
cant bits at any time other than that of the transition 
of the least significant bit. This is accomplished by a 
system of logic circuitry incorporated in the disk pat- 
tern, complemented by a system of feed brushes. One 
read-out brush per digit is used. To obtain the 10-bit 
non-ambiguous output, a total of 17 brushes is neces- 
sary: 10 output brushes, 6 feed brushes, and one com- 
mon brush. 

A disk pattern in which each of the normally conduct- 
ing segments has an electrically isolated leading and lag- 
ging portion has been developed. The pattern is shown 
in Fig. 3. There are four brushes concerned: a bit brush 
(which reads out the information concerned), a control- 
ling bit brush (which is reading out other information 
but which also serves to control the information from the 
first brush), and two segment feed brushes (one for the 
leading segment and one for the lagging segment). The 
feed brushes are energized through circuits controlled by 
the controlling bit brush: when there is no signal on the 
controlling bit brush, the leading feed brush is energized 
and the lagging feed brush is de-energized. When the bit 
brush is to be energized, it first contacts a leading seg 
ment, which is energized by the feed brush when the 
controlling bit brush goes through an “on-to-off” transi 
tion. The bit brush then contacts the permanently ener- 
vized segment and remains in contact with this segment 


egment feed brust 
nently energized segme 


Lagging is 


segment 


Leading 
seaqme 


Portion of disk pattern and brush arrangement which 
prevents ambiguity. In all, there are 10 bit brushes. 6 feed 


Fig. 3 


brushes, and one common brush in encoder 





until rotation of the disk determines that the bit brush 
should be de-energized 

Just before the bit brush reaches the position at which 
it must be de-energized, it leaves the permanently ener- 
gized segment and contacts the lagging segment. The 
latter has been energized through the lagging feed brush. 
Thus the bit brush remains energized until, when the 


C=AB 


Fig. 4—Single p-n-p transistor is used to form complement of 
controlling bit for use in logic circuit. In the equation, A corre- 
sponds to ground, C is the condition of the leading feed brush, 
and B is the signal from the controlling bit brush. 


Fig. 5—Logic circuit used to eliminate ambiguity is mounted 
on plastic s brush holder. 


Fig. 6—Double-track technique for least significant bit pro- 
vides 10-bit resolution with disk diameter of 314 in. Digit is 
transmitted by logic circuitry if both brushes are on energized 
segments or if neither is. 
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controlling bit brush reaches its transition point and de- 
energizes the lagging segment, the bit brush is also de- 
energized. In this manner, the transition of a single 
brush on each track is dependent on the simultaneous 
transition of a controlling bit brush and ambiguous out- 
puts due to time differences are eliminated. 

The lagging feed brush is always connected to the 
controlling bit brush since it is energized and de-energized 
exactly as is the controlling bit. Diode circuits are used 
to isolate the feed brush from the controlling brush. 
A grounded emitter, p-n-p transistor provides the logic 
circuit necessary to form the complement of the control- 
ling bit. This complement function energizes the leading 
isolated portion of the segment which must be energized 
when the controlling bit is de-energized. Figure 4 shows 
the transistor circuitry used to form the complement of 
the controlling bit. Ground potential is defined as ener- 
gized, or “one.” and —6 volts as de-energized, or “zero.” 
Since the transistor is saturated in conduction, the fol- 
lowing Boolean relationship exists between the three 
variables: 

é AB 
This is the relationship established between the brushes 
and the controlling bit. Symbol C would be the leading 
feed brush. A the ground condition, and B the signal 
from the controlling bit. 

Figure 5 is a schematic of the entire logic circuitry 
mounted on the brush holder. The combination of logic 
circuitry and disk pattern determines that the second bit 
controls the third and fourth bits, the fourth bit con- 
trols the fifth, sixth and seventh bits, and the seventh 
hit controls the eighth, ninth and tenth bits. 


Increased Disk Resolution. [In addition to ambigu- 
ity, there exists the problem of disk resolution in the de- 
sign of an encoder. Extensive research into the design 


of brushes for disk encoders has established an optimum 


brush size. At the same time. a certain segment size must 
be provided if brush wear is not to impair the perform- 
ance of the instrument. Therefore, if additional segments 
must be added to provide increased resolution, these seg- 
ments must be displaced radially to obtain the necessary 
circumferential dimensions. 

Ten-bit resolution of the type considered here would 
ordinarily call for a least-significant-bit track diameter 
of 7 in. A double-track technique, on the other hand, 
permits 10-bit resolution with a disk only 314 in. in diam. 
Instead of employing one track with the required 10-bit 
resolution, two tracks, each with half the resolution, are 
used. The two tracks are staggered by one-half a segment 
with respect to each other as shown in Fig. 6. The 10- 
bit resolution is obtained if the least significant bit 
is read when the two brushes are either both in contact 
with conducting segments or both on non-conducting 
segments. 

If the two tracks of conducting segments are referred 
to as X, and X., then the above condition can be ex- 
pressed in Boolean notation by: 

We = -AgAs 4- Asks 
where N, represents the least significant bit. Figure 5 
shows the combination of three p-n-p transistors used to 
form this logic circuit. Interestingly, the inner one of 
the staggered tracks can be used to form the unambigu- 
ous second-least significant bit. 

Construction Details. Since the most serious threat 
to the life and performance of the encoder is brush wear 
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and scoring of the conducting surfaces of the disk, these 
aspects of the design received considerable attention. To 
reduce brush wear and scoring, the contact surface of the 
disk must be immeasurably smooth. This requires that 
the junctions between the conducting and insulating por- 
tions of the disk be absolutely flush. A photographic- 
electroforming process is used to obtain the proper 
surface finish along with the required isolation between 
separate segments of the disk pattern. The conducting 
segments are rhodium with base layers of nickel-plated 
copper. Insulation between the conducting segments is 
melamine deposited on the basic phenolic disk material. 

Brush life as determined by wear, current handling 
capabilities, or resistance to structural damage dictated 
an extensive research and development program. Surface 
finish factors determined in the program resulted in the 
final methods chosen for constructing the disk and disk 
pattern. Several additional aspects of the brush design 
revealed in the tests were optimum rigidity of the brush 
material, optimum contact area for minimum wear. and 
structural requirements for the brush holder. The result- 
ing brush design, using a high-palladium alloy. is shown 
in Fig. 7. Held by a support that is actually part of the 
etched circuitry, each brush wire maintains a constant 
pressure against the converter disk. High rigidity and 
resulting high natural frequency characteristics of the 
brush design limit variations in brush pressure to 10 per 
cent under 100 gm load. 

The complete disk used in this encoder and_ the 


plastics brush holder are shown in Fig. 8. Overall di- 


mensions of the instrument (Fig. 9) are 4°44 in. in 
diameter and 114 in, thick, and it has a synchro-type 
mount for precise location of the input shaft. 
Extended Applications. Encoders of the brush- 
disk type have found extensive use in combination with 
conventional data logging equipment and as sources of 
digital information in computer and automation facilities. 
One application that is being investigated by 
groups at Librascope is the use of the encoder as a 
means of supplying integration information required in 
aircraft engine thrust measurements. For this purpose, in- 
put shaft position and the resulting digital output would 
be proportional to engine thrust. Plotted against time. 
this data can be used to determine engine thrust char- 


design 


acteristics as a function of time or other time-dependent 
parameters. 

Another unique application of the shaft-position to 
digital encoder has been proposed in reference to use with 
computer facilities. Recent application of weighting func- 
tion techniques as a means of determining system re- 
sponse characteristics has presented the problem of ob- 
taining the convolution integral. given the weighting 
function and the independent function. It is proposed that 
the convolution integral be obtained by representing the 
independent function by input shaft position as a func- 
tion of time, and approximating the action of the weight- 
ing function by adjusting the sampling rate of the 
computer. In this manner increased value of the weighting 
function would be represented by increased sampling rate. 

With these insights into the flexibility of the disk 
encoder plus constant development of new design and 
manufacturing techniques such as those that have made 
the 10-bit per turn encoder possible, designers are be- 
coming more and more cognizant of the potential of the 
shaft-position to digital encoder for solving problems in 
computation and process control. 
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Fig. 7—-Detail of brush construction used. Holder is etched on 
plastics base and high-palladium alloy brush is soldered to 
holder. 


Fig. 8—(Below) Completed 10-bit resolution disk. (Above) 
Plastics brush holder contains printed circuitry for transistor 
logic circuits. 


Fig. 9--Ten-bit shaft-position to digital encoder is 4'\4 in. in 
diam and is 14 in. thick. 





Gearless Drive for Power Servo 


High-performance servo control systems 
demand smoothly operating power drives 
without the normally present backlash 
and resonance difficulties. Precision in- 
strument gearing can provide some of the 
answer, but the power drive described 
here does away with gearing entirely to 
achieve accurate efficient operation at a 


minimum cost. 


ELGENE B. CANFIELD 
Control Systems Engineer 
Ordnance Department 
GeNERAL Evectric COMPANY 
Pittsfield, Massachusetts 


FOR AS LONG AS THERE HAS BEEN a requirement for high- 
performance servo drives, the design engineer has been 
vexed by the practical problems associated with gearing 
backlash and resonance. Recognition of these problems 
is indicated by the present method of building geared 
power drives in which the control response elements are 
driven directly from the motor shaft through high-quality 
instrument gearing (see Fig. 1). The load, which the 
engineer really wants to control, is driven through a 
power gear train with its inherent backlash and resonance, 
and the engineer merely assumes that the load follows 
In many cases, this assumption is 
valid within the accuracy required. The high-quality 
instrument gearing, with little or no backlash. permits 
a high gain servo. 

Sometimes the designer tries to drive the control 
response elements directly from the load as shown in 
Fig. 2 and, assuming a high servo gain requirement, 
promptly runs into difficulty. The backlash and resonance 
in the power gearing make the servo oscillate as the gain 
is increased to the desired value. The ultimate result may 
be that accuracy at the load is improved by building 
the system as shown in Fig. 1, because the servo gain 
may be so much higher, especially in the high-frequency 
region. 


the motor position. 


Various systems, however, must of necessity operate 
with load-mounted response elements. For instance. in 
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a system having a gyro response element, the designer 
has no choice. The gyro was selected in the first place 
to sense movement of the load in inertial space and it 
cannot do so if it is mounted at any speed other than 
that of the load. Occasionally a separate instrument gea: 
train is built to drive the gyro at load speed (similar to 
Fig. 1) but this is not always convenient, or even pos- 
sible. Consequently, the power gearing must be built with 
instrument quality. This is expensive and nearly impos- 
sible in drives involving several horsepower with load 
moments of inertia of perhaps 1000 or less to 100,000 
or more slug” feet. 

Backlash Elimination. Techniques generally applied 
to remove backlash from instrument gearing now find 
application to power gearing. Split gears are an obvious 
remedy: their use does reduce backlash (if they are made 
with stiff enough spring constants) but will add to the 
friction load and provide additional resonance effects. 
Split gears also must have wider gear faces for two 
reasons: 

1) each half of the gear must be capable of driving 

the full torque requirement: 

2) if the split gear is not to open up under load, it 
must continually have a loading equivalent to the 
peak torque capability of the drive at the mesh 
in question. 

The parallel gear train approach shown in Fig. 3 is 
sometimes used. Here, two motors are electrically con- 
nected in series, each driving the load through a separate 
gear train. The pinion gears are placed nearly 180 deg 
apart on the bull gear in order to eliminate as much as 
possible the opening up of the bull gear mesh due to the 
torque of the pinions. This arrangement also removes side 
thrust from the bearing supporting the load. Further- 
more. care is taken to insure that the two gear trains do 
not each mesh identically at the same time. 

Figure 4 shows another approach in which two gear 
trains are driven in parallel from a single motor. Before 
the common mesh at the motor end is completed, the gear 
trains are wound up so that they will continually load 
each other. This method has the same disadvantages as 
split gears, giving high friction and continual high tooth- 
face loading. In fact. two identical sets of ship propul- 
sion gears are often tested in this way in order to obtain 
the high tooth-face loading required without using undue 
amounts of power. 

A final method of eliminating backlash that has had 
some use is shown in Fig. 5. Here the motors are sepa- 
rately controlled, one driving the load clockwise, the other 
driving counter-clockwise. At standstill, each motor draws 
the same amount of idling power. but for creeping speeds 
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Fig. 1—Power drive with response element driven directly from 
motor shaft through high-quality instrument gearing. 
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Fig. 3—Parallel gear trains driven by two motors to elimi- 
nate backlash. 
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Fig. 5—Parallel gear trains with motors energized so that one 
drives one direction and one the other. 
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Fig. 7—System of Fig. 6 with load inertia referred back to 
the motor. 


the power in one motor is decreased while that in the 
other is increased. Note that, when driving at high speeds, 
say, in a counter-clockwise direction, some precaution 
must be taken to prevent the clockwise-drive motor from 
acting as a generator and dissipating most of the devel- 
oped power in its armature circuit. Thus the armature 
circuit for either motor must have a low impedance when 
driving but a high impedance when being driven. 

Servo Resonance. While the limitations imposed on 
servo performance by gearing backlash are nidré or less 
easily understood, the problem of resonance and _ its 
location in the system has not been given a great deal 
of attention. Yet, a predominant source of mechanical 
resonance in many systems is the gear train. Figure 6 
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‘ig. 2—Power drive with response element driven from the 
load through instrument gearing. 
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Fig. 4—Parallel gear trains driven by. a single motor with 
gear trains wound up so that they will continually load 
each other. 
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Fig. 6—Simplified gear train with a single shaft which can 
twist as load is applied. 
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Fig. 8—Simple motor drive with output position 4. 


shows an over-simplified gear train being driven by a 
motor and having a single shaft which can twist as load 
is applied. By referring the load to the drive by the use 
of the square of the gear ratio, the system of Fig. 6 may 
be further simplified to produce Fig. 7. The only viscous 
damping shown is between the load and ground. It may 
be argued that damping also should be shown across the 
springy shaft, and from the motor to ground. (In the 
mathematics to follow, the letter p will be used to indicate 
the derivative with respect to time. Thus pé do/dt 
rate of change of 6 with respect to time. ) 

Since the servo engineer is concerned with the moto 
transfer function which gives the relationship between 
motor shaft position and armature applied voltage, this 
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Load decoupled 


Load coupled 
(showing resonance 
effects) 


ycies/sec 
Fig. 9—Frequency response of an actual system of the type 
shown in Fig. 1 and with the transfer function given by Eq (5). 


function will be found by considering first 6, and then 
6, as the shaft position of interest. Typical units are 
shown in parentheses. 


E voltage applied to motor armature circuit (volts) 
current in motor armature circuit (amp) 
resistance of motor armature circuit (ohms) 
inductance of motor armature circuit (henrys) 
spring constant of shaft (Ib-ft /radian) 
= inertia of the motor plus inertia of the gearing on the 
motor end of the springy shaft (slug ft*) 
inertia of the load plus inertia of the gearing on the 
load end of the springy shaft (slug ft’) 
B viscous damping (lb-ft /radian /sec) 
Ou position of the motor end of the springy shaft (radians) 
6, = position of the load end of the springy shaft (radians) 
AK, = back emf constant of the motor (volts /radian /sec) 
kK, torque constant of the motor (lb-ft/amp) 


Three basic equations may be written as follows, the 
first being a voltage equation, the second and third being 
torque equations: 

E i(R 


A al Ju p Ou 
K (0 61) 


pL) + Ky p Om (1) 
Jt p* On + Bp 6; (2) 

Ji p? 6, + Bp 6, (3) 
From these equations, the transfer function 6,,/E is 

found to be: 
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Fig. 10—(A) Normal power drive with gearing to reduce motor 
speed from 2000 rpm to 5 rpm. (B) “Directrol” gearless drive 


in which motor moves the load without the use of a gear train. 
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6y/E is found to be: 
Ox kK, ((Jip?/K) + (Bp/k) + 1) 


k p (K.A, + BR) (same quartic as for 6,/F) ©) 


Comparison of Eqs (4) and (5) indicates that they 
both have the same denominator, but the numerator of 
Eq (5) has a quadratic that does not appear in Eq (4). 
The significance of this quadratic is very important, as 
will be shown. But first, for further comparison, the usual 
motor transfer function uncluttered with springy shafts 
and other complications is given (refer to Fig. 8). 

J inertia of motor plus gearing plus load 
(Ji, + Ju) in absence of springy shaft (slug ft) 


motor position = @4 = @, in absence of springy shaft 
(radians) 


0 


6) 
EB ( 


; ra. aa | 
“ites” Sa" 


If the steady-state solution for Eq (6) is found by first 


substituting jo for the operator p (j \/—1 and w 

frequency in rad per sec) and then substituting high 
values of frequency for w, it is found that the maximum 
phase shift of the vector quantity approaches 270 deg. 
Although feedback is required to stabilize a servo having 
270 deg of phase shift and using this motor (assuming 
high gain is required), the methods of providing feed- 
back are straightforward and well-known. 

If the system being considered is similar to Fig. 7, 
however, the motor transfer function is no longer simple, 
being either Eq (5) or (6). Location of the response 
element so that it moves exactly with 6, will give the 
transfer function of Eq (5). Even though the transfer 
function is rather complex, the maximum ultimate phase 
shift is 270 deg, the same as for Fig. 8 and, although 
performance may be slightly compromised due to the 
resonance effects, the servo may still be stabilized in a 
straightforward manner. But if the response element is 
mounted on the end of the springy shaft opposite the 
motor so that it moves with 6,. the transfer function of 
Eq (4) applies. This will give an additional 180 deg of 
phase shift, making the servo extremely difficult to 
stabilize. Success in stabilizing the servo is all too often 
accompanied by an undesired (and possibly intolerable) 
decrease in gain and performance. 

While it is difficult to generalize, the limiting mechan- 
ical resonance of a system is often in the gear train and 
may be caused by shaft twisting, shaft bending and 
deflection, bearing deflection, split gears or other effects. 
Building the system as shown in Fig. 1 will render the 
desired transfer function of Eq (5). The frequency 
response of an actual system built in this manner is 
shown in Fig. 9, except that the transfer function used 
is p6y/E instead of 6), /E. 
with the load disconnected from the gear train is also 
given. Note that the resonance effects disappear. A sys- 


For comparison, the same plot 


tem built according to Figs. 2, 3. 4. or 5 with a load 
speed response element will invariably produce the trans- 
fer function of Eq (4), together with its problems of 
servo stabilization and the necessary compromises. 

In reality. for the newer, truly high-performance sys- 
tems, use of methods outlined in Figs. 3, 4 and 5 (and 
other similar methods not illustrated) to overcome the 
problems of conventional designs have proved to be gap- 
filler approaches. Like all such expedients making use 
of presently available knowledge, they do not solve the 
problem to the complete satisfaction of the servo design 
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Fig. 11—Block diagram of a Directrol drive servo using three stabilizing feedback voltages. 


Fig. 12--Schematie diagram of servo amplifier for system shown in Fig. 11 
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engineer. What really is needed is the complete elimina- 
tion of the gear train. 

Elimination of Gear Train. The system which makes 
possible elimination of the gear train is the Directrol 
drive,* a servo power drive controlling a direct drive 
motor to move the load without gear trains. The element 
which makes Directrol possible, of course, is the direct 
drive motor, which is incompletely but roughly defined 
in Fig. 10. In Fig. LOA a conventional high-speed motor 
rotates at 2000 rpm with 100 volts applied. The load, 
however. rotates at 5 rpm because of the gearing reduc- 
tion. In Fig. 10B the same 100 volts applied to the direct 
drive motor rotates the load at 5 rpm without the use 
of gears. In actual practice there is a somewhat greater 
difference since a high-speed motor tends to have a rela- a ee en ey nn een 
SES " shown in Figs. 11 and 12 
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tively large portion of the total applied voltage appear 
as back emf, while the direct drive motor uses a rela- 
tively large portion of its applied voltage as /R drop. 
The basic equation for back emf in a d-c motor may be 
used to explain how a direct drive motor is feasible 


ZPON 
Vi (60)(10°) 
where 
E, back emf (volts) 
P = number of poles 
Z = number of armature conductors 
@ = flux per pole 
\ armature speed, rpm 
VW = number of parallel paths through armature. 

Conventional motors designed for high speed have 
relatively few armature conductors and a constant ratio 
between P and M (since most are lap wound). In con- 
trast, the direct-drive motor will have a large number of 
armature conductors and a large number of poles. The 
number of parallel paths through the armature, M, will 
be fixed at 2, for the machine will most likely be wave 
wound. Thus ZP/M for a direct drive motor will be large, 
where it is small for a conventional high-speed motor. 
Flux densities in the iron will be about comparable in 
both cases, so the flux per pole will be nearly the same 
for machines of each type having the same pole area. 
In a sense the gear ratio for the high-speed motor is 
replaced in the direct drive by a large number of arma- 
ture conductors. 

Motor Time Constants. or many years, high-class 
servo motors: have been designed with armatures shaped 
like rolling pins (i.e., axially long but small in diam). 
This has been done to minimize the motor inertia and, 
Further 
investigation of Eq (6) will serve to point this out. 

The denominator of Eq (6) has the quadratic: 


i... ae 
KK,” * KK,” 


consequently, the motor inertial time constant. 


e rewritten as follows: 
(Tp? + 2 2Tp 


This may 


where 
Jl 
FF 


JR 
KK 


lM 


It is found that if z, the quadratic’s damping factor, is 
large (and it generally will be). the quadratic can be 
factored with little error into: 


JR 
[G x) p | [« R) po | (10) 


Thus two time constants are apparent. The first. J/R/K,K,, 
is the so-called inertial time constant and is a measure 
of the time required for the motor to come up to speed 
when connected to a stiff buss, the motor reaching 63 per 
cent of final speed in one time constant. The inductive 
time constant, L/R, is a measure of the time required for 
the current to build up in the armature and will be 
relatively small when compared to the inertial time con- 
stant for systems in which the above approximation is 
valid. For building the best servo, it is also desirable 
that the motor inertial and inductive time constants be 
kept to a minimum. Because the inertial time constant 
may be the most limiting (especially in high-speed ma- 
chines), considerable effort has been expended toward 
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keeping it at a minimum. The product, K,K;, is propor- 
tional to the square of the total air gap flux. Flux is 
therefore kept at a maximum. The resistance of a 
machine varies as the first power of the radius. How- 
ever, armature inertia varies with the square of the 
radius of gyration. Therefore, it is of primary impor- 
tance to keep the armature inertia at a minimum. Un- 
fortunately, when a geared motor is connected to drive 
a load, the inertia of the motor when reflected to the 
load is quite significant. It is usually difficult to keep 
the effective motor inertia less than equal to that of the 
load, and in many cases the motor inertia will be several 
times that of the load. The following equation may be 
written: 

(Ji +Ju) R 


y, KK, (11) 


where 


T; = inertial time constant of motor in system (sec) 

J, = load inertia reflected to the motor (slug ft?) 

Jv = motor inertia (slug ft*) 

Since the motor’s inertia may represent the greatest 
portion of the total inertia, keeping the inertia to an 
absolute minimum will minimize the time constant; 
hence, the rolling-pin armature. 

Equation (11) also holds true for systems using direct 
drive motors. However, investigation (both theoretical 
and practical) has shown that the amount of inertia 
directly chargeable to the motor will always be small when 
compared to the load inertia. The product K,K; is still 
held at maximum. Therefore, the resistance R must be 
minimized, and this is done by increasing the diameter 
of the motor. As a consequence, direct drive motors are 
of pancake design rather than rolling-pin design. 

In designing motors to maintain a constant peak 


torque, it is necessary to maintain a constant product 
between the armature stack length and the square of the 
armature diameter. The following table compares the 


parameters of two systems each having the same load 
inertia and peak torque requirement, but with one motor 
having a diameter twice that of the other. In each case 
the valid assumption is made that inertia chargeable to 


Fig. 14—Direct-drive motor set up in laboratory for tests with 
a weight to simulate the load. 
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the motor is insignificant. The resistances of the end turns 
of the armature windings are neglected. 


Armature diameter dD 2D 
Armature stack length l 
Total load inertia (J; + J,,) R 
Number of poles 

Number of armature conductors 

Number of parallel paths through armature 
Armature coil length 

Product K,K, 

Flux per pole 

Armature resistance 

Inertial time constant 

Inductive time constant 

Power for same output torque 


Therefore, doubling the diameter of the motor will 
halve the inertial time constant, but will leave the in- 
ductive time constant unchanged. However, this philo- 
sophy cannot be followed to the extreme since an armas 
ture one punching thick obviously isn’t practical. 

Performance Considerations. The Directrol gear- 
less power drive concept was developed basically to elim- 
inate the problems and pitfalls of geared systems. In 
addition, certain other advantages and considerations be- 
came apparent as experience with the drive was obtained. 
\ number of these are listed and discussed below: 

(a) Elimination of gearing backlash and resonance. 
This factor has permitted the building of higher gain. 
higher performance servos and was the basic goal of the 
development. 

(b) Smoothness of operation. An unexpected adyan- 


tage is that gearless drives provide smoother operation 
than can be obtained even with some of the very best 


geared drives. For a particular system the roughness in 
a Directrol drive is less than one second of arc, peak-to- 
peak, while the geared drive for the same system has a 
peak-to-peak. 
The extreme smoothness of a gearless drive is available 


roughness in excess of ten seconds of are. 


at speeds considerably less than the earth’s rate of rota- 
tion (15 deg per hr), yet the same system may easily 
perform at speeds in excess of 20 rpm. 

(c) Inertia. For geared drives. it is most unusual for 
the inertia of the motor and the gearing, when referred 


Fig. 15—Stator, with field poles and pole face compensating 
winding, of a Directrol direct-drive motor. 
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Fig. 16—Assembly of motor shown in Fig. 14. Rotor is 45 in. in 
diam with a 36-in. center hole. 


to the load. to be less than the load inertia. Occasionally, 
motor-plus-gearing inertia may be as great as ten times 
the load inertia. In contrast, the inertia chargeable to 
a direct drive motor will represent from 0.01 to no more 
than 0.1] 
developed in the direct-drive motor is used to accelerate 


the load inertia. This means that the torque 


the load. No power is developed for moving excessive 
gearing and motor inertias. 

(d) Bearings and load supports. These parts are com- 
parable for both geared and gearless systems. In the 
geared system, a high-grade bearing is used to prevent 
side play in order that the mesh between the bull geat 
and pinion will not open up and cause backlash. In the 
gearless system. the same bearing is used to prevent 
sideplay so that the motor airgap will remain uniform. 
If any generalization can be made, it is possible that 
sideplay in the gearless system is slightly less critical. 

(e) Friction. Referred to load speed, there is less 
friction in a gearless system. This is because the same 
load-supporting bearing is used for both systems: hence. 
the same friction for the load support. In addition, the 
geared system has various grease and oil seals on high 
speed shafts and more rubbing and rolling surfaces than 
the gearless system. 


(f) Stabilized Many 


systems presently in demand are used to maintain the 


platforms. high-performance 
position of a platform in inertial space or otherwise 
compensate for the motion of a ship or missile. It is well- 
known that if 
suspended in frictionless bearings, it would maintain its 


a mass could be perfectly balanced and 


angular position in inertial space regardless of the 


motion of the vehicle on which it was mounted. How- 
ever, if a gear train is coupled between the platform 
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Fig. 17 
Electronic control cabinet 
for a Directrol drive. 


and its supporting gimbal and if the inertia of the gear 
train equals that of the platform, then moving the gimbal 
about the platform will result in the gear train’s dragging 
the platform along with the gimbal. Power must be sup- 
plied to move the gear train in order that the platform 
may maintain its position in inertial space. A gearless 
drive. retaining all the inertia at load speed, does a great 
deal to reduce the servo error required for the platform 
to maintain its position. Error is required only to over- 
come friction, unbalance (if any), and motor back emf. 
No error is required to produce acceleration torque for 
the motor and gearing. Furthermore, the error required 
to overcome the back emf of a direct-drive motor will 
usually be less than the error for the back emf of a geared 
motor since, for the same load speed (relative to the 
gimbal), the direct-drive motor produces less back emf 
than the geared motor. 

(¢) Efficiency. When rated on the same basis, geared 
and direct-drive motors have somewhat the same effi- 


Fig. 18—This direct drive motor is 84 in. in diam and is capa- 
ble of 12,000 lb-ft torque. It has a permanent magnet field. 
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ciency. In general, the direct-drive motor’s efficiency may 
be slightly less. 

(h) Power input. Total system power input for a 
direct-drive system will usually be less than for a com- 
parable geared drive. The reason is that the direct drive, 
although it may have lower efficiency, has less total 
inertia to accelerate. 

(i) Mechanical complexity. Direct drives are mechan- 
ically quite simple. The motor, being symmetrical in 
the shape of a pancake and with a large hole through 
the center, lends itself to integration into the mount. 
It even forms a part of the supporting structure. A brake 
for use at load speed has been developed. Some of these 
advantages may be lost if it is necessary to drive in- 
strument gear trains for synchros or other devices. The 
servo response element, of course, is located as close 
to the motor as possible and will not be gear driven. It 
may be a gyro, Inductosyn, or some other similar device. 

(j) Weight. It is difficult to generalize on the weight 
of a direct-drive system. However. if the torque is pri- 
marily developed to accelerate the load inertia only, then 
weight will be very competitive with a geared system. 
If, in addition to accelerating the load inertia, torque 
must be developed to overcome excessive unbalance or 
wind loads, then the direct drive may suffer a weight 
disadvantage. 

(k) Cost. To make precision power gear trains capable 
of satisfying the exacting requirements of a high-per- 
formance servo is very expensive. Furthermore, such gear 
trains have a habit of being troublesome and often re- 
quire servicing and adjustment after only short service 
in the field. These problems are eliminated with gearless 
drives, which are consequently less expensive to maintain. 

(1) Reliability. Electronically, a gearless drive is com- 
parable to other well-designed systems. Mechanically, 
there are few moving parts, and large machinery has a 
long history of being very reliable. Directrol is one of 
the most reliable systems available. 

The above considerations are applicable only where 
high performance is required. If gearing is not a prob- 
lem and ordinary motors with commercially available 
gears will provide adequate performance, gearless drives 
probably should not be considered. In such cases, at 
least, the reasons for applying it will be different from 
those normally given. It is not possible to make completely 
adequate generalizations regarding performance for all 
systems. Each application of a gearless drive is different 
from another, with contrasting compromises and a 
variety of considerations in each case. Each system must 
be studied separately on its own merits. 

Servo Design. The block diagram for a Directrol 
drive position-control several i 
shown in Fig. 11. The response element, a device similar 
to a selsyn control transformer, is connected to the direct 
drive motor at load speed. Thus, no gearing or backlash 
of any type exists between the motor, the load and the 
response element. When the motor and load are not at 
the ordered position, the response element senses this 


designed years ago is 


and sends an a-c error signal to the servo amplifier. 
This error signal is first demodulated, combined with the 
stabilizing feedbacks, and then amplified to drive the 
control fields of an amplidyne. The amplidyne’s output 
powers the direct-drive motor and moves the load to the 
desired position. Feedback from a spring-restrained rate 

(Continued on page 155) 
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High-Temperature Capabilities 
of Germanium Transistors 


Temperature stabilization techniques can 
provide reliable short-term operation of 
germanium transistors in small-signal am- 
plifiers at 110 C or higher. 


J. O. DICK 
U.S. Navat Orpnance LABoratrory 
Corona, California 


\ SERIES OF TESTS was conducted to determine the 
upper temperature limit at which germanium transistors 
might be expected to operate reliably for limited time 
periods. Although manufacturers generally quote upper 
operating temperatures to 85 or 95 C, reports have been 
received of germanium transistor operation at tempera- 
tures as high as 100 C. The high-temperature limit is a 
relatively important item in missile applications. If ger- 
manium transistors fail at temperatures in the vicinity 
of 85 C. silicon transistors must be used. If. however. 
it can be established that the germanium semiconductor 
junction itself is not destroyed by heat at the relatively 
low temperatures quoted, circuit techniques can be de 
vised to control the transistor stability up close to the 
maximum temperature the junction will withstand. Since 
presently available germanium transistors give higher gain 
and better uniformity at a lower cost than silicon trans 
istors, it is desirable to use germanium if possible. ‘lhe 
test results described below cover only the small signa! 
amplifier. Considerations in large signal amplifiers would 
have to include effects of heating due to the signal anid 
to internal transistor power dissipation. Computer or 
switching circuits present still other problems which this 
report does not attempt to cover. 
High-Temperature Circuitry. 
operation is generally attained by temperature compen- 


High-temperature 


sation or temperature stabilization. Temperature com- 
pensation is generally understood to refer to a circuit 
containing a temperature-sensitive element whose char- 
acteristic change with temperature cancels out or offsets 
the variation of transistor parameters. Temperature sta 
bilization is obtained by so designing the circuit that a 
stable bias and operating point on the transistor V,-/ 
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characteristic curve is maintained over the required 
range of temperature change. Since the use of additional 
components such as thermistors in compensation tech- 
niques introduces additional sources of unreliability into 
the circuit, the stabilization system was favored and is 
discussed herein. 

Failure of a transistor is, in general, due to destruc- 
tion of the collector-base junction by heat. Normally the 
heat producing this destruction is caused partly by the 
ambient temperature and partly by the heat due to sig- 
nal and internal power dissipation. As the junction tem- 
perature increases the semiconductor intrinsic resistance 
decreases and the collector and base currents increase. 
This effect is cumulative and leads to thermal runaway 
and destruction of the transistor. If, however, the bias 
point is maintained, thermal runaway is prevented and 
operation may be obtained at ambient temperatures close 
to the maximum temperature the semiconductor junction 
itself can withstand. The maximum safe junction tem- 
perature is determined basically by the semiconductor 
material and the processing during manufacture. A semi- 
conductor junction will normally be destroyed at some 
temperature considerably below the melting point of 
the semiconductor material. This temperature is deter- 
mined by the type of junction or process by which the 
junction is formed, the resistivity of the semiconductor 
material, and the material used in doping. This tempera- 
ture is in the vicinity of 150 C for most of the germanium 
transistors presently available. The melting point of the 
solder used in soldering the leads to the germanium 
transistor must also be considered, 

Transistor stabilization has been discussed at some 
Most of this 


work seems to be based upon that of Shea or at least 


length in the literature (see References). 


makes direct reference to it. This work develops the volt- 
and S$; based upon 
to the 


change of collector saturation current, /,,. The stability 


age and current stability factor of S 
the ratio of the change of collector current, /,, 


factor in terms of the circuit component values is derived 
from the actual circuit, This approach is an excellent 
guide in circuit design for the conventional systems of 
stabilization. The same stability factors may be developed 
for almost any circuit. An estimate of /,, at high tem 
peratures can be made for preliminary design purposes 
based upon the rule of thumb that / 
10 C rise above 25 C. It should be pointed out, however, 
that while /, 


in the vicinity of 25 C, this does not hold at very high 


doubles for every 


is an exponential function of temperature 
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temperatures where the increase may be considerably 


greater. It has been mentioned in the literature that J, 
can be measured at the temperature of interest. This is 
not true at the temperatures attained in these tests since 
such an attempt would result in destruction of the trans- 
istor. An estimate of /,,, must therefore be made. The 
stability factors S; and S 


sign of the circuitry used in these tests. 


were used in the initial de- 


emperature 40 


Effect of voltage gain vs temperature for three sample n-p-n transistors. 


Test Procedure. To facilitate adjustment of com- 
ponent values during temperature tests, only the trans- 
istor was placed in the oven. The circuit was set up on 
a Sprague “Transimulator” to permit variation of the 
parameters in the original design as dictated by high- 
An optimum circuit of the 
emitter stabilized type was designed using manufactur- 


temperature requirements. 


ers’ data. Several trial temperature runs were then made 


4 
Ze 


= oa 


4 


Fig. 2—Effect of variation of base resistor value on sample No. 8 of Fig. 1. 
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Fig. 3—Results of tests on p-n-p germanium transistors. 


[he seven samples tested performed so well that 


the test was extended to higher temperatures using the circuit of Fig. 4. 


for the two transistor types to arrive at the optimum 


circuit insofar as gain stability and temperature range 


were concerned. Each transistor was then raised to the 
maximum temperature at which it worked properly. A 
standard input of 1.0 millivolt rms at 1000 cps was used 
for all data recorded. A later test was made with a 30 
mv input; no variation from the previous data could be 
detected. The units under test were operated at their max- 
imum temperature for a period of 1 hr to see if any 
deterioration would result. Since many applications re- 
quire only short-term operation of the order of 30 min 
or less at elevated temperatures. it was felt that a 1-hr 











operational test would give a reasonable safety factor. 

Test Data. The data obtained are presented in Figs. 
| through 4. Figures 1 and 2 show the results obtained 
with grown junction n-p-n germanium transistors. The 
data in Figs. 3 and 4 are for p-n-p high-frequency trans- 
istors. Hybrid or “h” parameters were measured before 
and after testing. Only minor changes were noted and 
no trend or pattern of variation was apparent. 

All transistors had been closely watched to prevent 
thermal runaway. Transistor | in Fig. 4 was then pet 
mitted to exceed what had previously been accepted as a 


(Continued on page 204 








Fig. 4—High-temperature test circuit includes collector-base 





feedback and emitter 


degeneration for stab 


ilization. The upper temperature reached in this test approaches that at which the junction may be expected 


to fail due to the inherent characteristics of the germanium. 
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Development model of plug-in voltage 
regulator using small incandescent bulbs. 


Non-Linear 


Resistors 
as 


Voltage 
Regulators 


Resistance elements that do not follow 
linear Ohm’s law relations in their circuit 
behavior have many uses. including volt- 
age regulation. A method is presented 
for rational and graphic analysis of cir- 
cuits involving such resistors, using as 
an example a bridge form of regulator 
that will provide a constant a-c or d-c 
reference voltage or current with a con- 


stant load. 


J. ZDZIEBORSKI and R. E. POST, JR. 
THe Hays Corporation 
Michigan City, Indiana 


IN GENERAL, non-linear resistors can be divided into two 
groups. In the first group the resistance increases with 
the voltage applied and includes such elements as in- 
candescent bulbs. In the second group. including thyrites. 
the resistance decreases with applied voltage. The voltage 
drop across the element in either group is described by 
the relation: 

\ Al" (1) 
In group one, 7 is greater than unity. and in group two. 
smaller than unity. When n equals unity, the above 
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Fig. 1—Basic bridge circuit for voltage regulator using incan- 
descent bulbs. 


expression is linear and becomes Ohms’ law, and | IR 
Ww here R — K. 

The characteristic of the non-linear element can be 
found by plotting voltage drop across it, V, vs current. 
!, on log-log paper and obtaining the slope, n, of the 
straight line resulting. Having n, the constant K can be 
obtained by substituting the values of 
point on the graph into Eq (1). 

With the characteristic of the non-linear element estab- 
lished, it is possible to investigate its use in a Wheat- 
stone bridge. The basic bridge circuit is shown in Fig. 1. 


and / for some 


Two opposing arms of the bridge are non-linear elements 
while the other two are ordinary linear resistors. Incan- 
descent bulbs can be used for the former for the purpose 
of this discussion. 

As a voltage regulator, this bridge must provide regu- 
lated output voltage across a fixed load for expected 
variations in the supply voltage. To fulfill this condition, 
the change in output voltage, dv, 
di) should be zero for some range of variation in the 
supply voltage, dV. It is necessary to develop an equation 
relating output current, 7, to supply voltage. V’. 


(or in output current. 


| Vre+ Va 
v | R J i 
Vr = Rip 
t iZ 
Ip 
where 
supply voltage 
= linear resistor 
current through F 
voltage across R 
= current through bulb 
voltage across bulb 
load 


= Joad current 
= output voltage 


(3), (4) and (6): 
V = Ve+ Ve 
= 2VrR—1 
2TrR — iZ 
= 27rR — (Ip — Ir)Z 
= (2R + Z)lz — ZI 


From which we obtain a relation between /p and / 


Combining Eqs (2), 


V+ZIp 


Ik= SRZ 
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Also, from Eqs (1), (2), (3), (6) and (a): 


V = Ve+ Va 
2Ve+0 
2 KIZ + Us — I[r)Z 
VZ+Z'*lz 


2 KIp + Zip - RAZ 


and thus we can express V in terms of /,: 


1 ; ’ 
ian § z[ er + Z) KI2 + RZIp (b) 


Having expressed V in terms of /;,, we can now express 
i in terms of Jp. 
From Eqs (1), (3). (4), (5) and (6): 
v Vr Vp 
iZ rR — KI 
Up -) R—KIS 


and therefore: 


l 
Zap thle — Kip) (c) 

By differentiating Eqs (b) and (c) with respect to /,, 
we obtain dV /dl, and di/dly. As the derivative of an 
inverse function is equal to the reciprocal of the deriva- 
tive of the direct function, we can obtain d/;,/dV from 
the product d/,/dV di/dl;, and then obtain the de- 
sired relation di/dV. 

From Eq (b): 

= [er + Z)nkI";' 4 rz | 

dip R+Z2L~ e 
From Eq (ce): 


di l 


"R nhl", 
die” Z+R' al 


Inverting Eq (d) and multiplying by Eq (e), 


di R nhl 
dV AKI" QR + Z) + RZ 
For optimum regulation di/dV equals zero. Therefore, 


R nkl 0, 


I 


and we obtain the optimum value for R: 
R nhl (x) 


In order to obtain the optimum value for /;. we can 
substitute the expression for optimum RF in the origina 
equations. 

VR \ 
Al 


A(n—1) 1g Anl’, 


Z 
This type of equation, where n is not necessarily an in 
teger, is most easily solved by graphical methods. Where 
greater accuracy is required, the equation can be solved 
by Newton’s. or one of the other classical methods of 
approximation. 

Let: 


AQ Ve ee 


b-Z nkI";' 


Then, by substituting arbitrary values for /,, find Y and 
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plot the graph of Y vs Js, Fig. 2. From the intersec- 
tion of the curve and the horizontal axis, /; is obtained 
for Y = 0, satisfying Eq (h). Knowing the optimum 
value of Jp, we can now complete the design of our 
bridge. From (g): 


R = nKI"; 


This gives the optimum value of the linear resistors to 
be used with bulbs having the particular constants K 
and n. 

The required supply voltage and power, as related to 
the desired output, can now be obtained. From Eqs (1), 
(6) and (4), Vg, Jp and Vz are found. Thus, the nomi- 
nal supply voltage V = Vp, + Vg», and supply current 
| Ip + I,. As previously stated in Eq (f), optimum 
regulation is obtained when di/dV or dv/dV equals zero, 
as v is proportional to i. Therefore, the plot of output 
voltage vs supply voltage should be flat over the range 
where regulation is required. This is illustrated by Fig. 3. 
lhe shape of this curve can best be explained by observ- 
2—-Graphic solution of exponential equation for I». ing the changes in the voltage across the bulb and 

linear resistor, Fig. 4. 
At low supply voltages (and therefore at low currents) 
heating has little effect on the bulb resistance. Thus V 
itn aan and Vy increase almost linearly and diverge, causing the 
voltage load voltage, v, to increase. At higher supply voltages. 
greater heating causes the nonlinearity of the bulb re- 
sistance to become more pronounced. As a result, a larger 
portion of the supply voltage appears across the bulb. 
V, rises at a greater rate than Vp at low voltages. In the 
range of supply voltage where regulation is required, V 
increases at practically the same rate as Vz, causing the 
load voltage v to remain constant. Beyond this band V 
increases at a greater rate than Vg and, at one point. 


@ 
o 
2 
° 
S | 
a 


V » Vr. With higher voltage, the load voltage reverses 
polarity or phase. 

If Rp and R were both linear, the output voltage 1 
would remain constant but equal to zero, giving maxi- 
mum regulation but zero efficiency. As the bulb non- 
linearity increases, the curvature of Vp and Vz increases. 
producing higher output voltage and greater efficiency. 
However, this increase in efficiency is obtained at a 


sacrifice in band width of regulation. Thus, a compromise 
big. 3—-Graph of relation between output voltage and supply 


. must be established between regulation and efficiency. 
voltage bridge regulator. 


Bridge Regulator. A bridge may be designed utiliz- 
ing two 100-watt, 220-volt G-E incandescent bulbs. The 
graph of output vs input voltage is plotted to determine 
the regulation. A log plot of supply voltage against bulb 
current gives the following coefficients: 

’ 1.98 
kK = 1500 

(herefore: 

Ve = 1500 I'3° 

The load requirements of this problem were specified 
as follows: 

load current = 100 ma 
load resistance 120 ohms 

Therefore: 

load voltage 12 volts 


Supply voltage (\ Substituting the known values for AK, n, v and Z into 
kq (h) gives: 
Fig. 4—Graphs of voltages across linear resistor and across oe z 
incandescent bulb, bridge regulator. 470 L; 297 Ip le 
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Solving this graphically: 
Ip = 232 ma 
Substituting in Eq (g) we obtain R = 710 ohms 
and the power dissipated by R = 12 watts. 
Vr = 94.0 volts 
Ve = 82.0 volts 
Therefore, the optimum supply voltage V 176 volts. 
Utilizing a transformer to obtain the required supply 
voltage, a bridge was constructed with performance as 
shown in Fig. 5. It can be seen from the graph and results 
that the regulation is better than 10 for a 
change in supply voltage. Regulation is here defined as: 


+10 per cent 


dV /I 
dv/v 


per cent change in supply voltage 


per cent change in output voltage 


This example employs relatively large bulbs because 
of high output power requirements. With low output 
power requirements, smaller bulbs can be used and then 
low bridge efficiency is of secondary importance. Low 
power uses would constitute the primary application for 
this type of bridge. 

The suitability of this form of regulator should be 
determined by a consideration of both its advantages and 
disadvantages. Low cost, simplicity, good regulation and 
waveform, independence of supply frequency, compact- 
ness and long life are all desirable features that are 
inherent. Among the qualities that may be drawbacks 
for some purposes are thermal lag, so that short transients 
are not eliminated by the regulator; and low efficiency, 
which may be objectionable for higher power applications. 

By matching the temperature coeflicients of the linear 
resistors in the bridge to those of the non-linear elements. 


ambient temperature compensation can be achieved. 











Fig. 5 


Performance of bridge voltage regulator. 
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Gearless Drive for Power Servo 


(Continued from page 148) 





gyro is used to prevent the servo from oscillating. Un- 
fortunately, the rate gyro loop is by itself unstable, so 
armature current feedback and amplidyne quadrature 
field (Q,) feedback are needed to make the servo stable 
in all respects. A schematic diagram of the servo ampli- 
fier is shown in Fig. 12, while a composite Bode diagram 
plotting gain vs frequency is shown in Fig. 13. Velocity 
error coefficient is slightly over 30,000, which means that 
the servo can move at a constant velocity of one radian 
per second with an electrical position error of only 1/30 
of a milliradian. Open loop unity gain (0 db crossover 
point) is reached in this case at the rather low frequency 
of only 10 radians per sec. (Note from the Bode diagram 
and circuit diagram that the feedbacks are capacitor- 
coupled into the amplifier. Thus, at low frequencies where 
the feedbacks are not required for stability, very little 
degeneration of the amplifier is found.) 

This particular servo is not necessarily typical of all 
Directrol drives. Both velocity and position controls have 
been built in production. Usually the a-c error signal 
is considerably amplified before being demodulated to 
produce a d-c error. Velocity coefficients as great as one 
million have been obtained with correspondingly high 
frequency responses to more than 30 cycles per sec. This 
latter indicates the servo open-loop gain only reaches 
unity at 200 radians per sec or more. Other types of 
feedback may be used; in particular, acceleration feed- 
back from an accelerometer mounted directly on the 
load. This technique is only possible with a direct drive 
motor, the presence of gearing making it otherwise im- 
practicable. Presently, transistor circuitry is in use for a 
number of applications, although the circuit shown is for 
electron tubes. Prime movers other than amplidynes may 
be used. Conventional generators or a generator with an 
exciter are often considered, while the very small direct 
drive motors can be powered directly from the transistor 
circuitry. 

A laboratory development test stand for a large d- 
direct drive is shown in Fig. 14. The outside diameter 
of the motor, whose field yoke also forms part of the 
mount supporting structure, is 55 in. It accelerates an 
inertia of 1500 slug ft with a peak torque of 6000 Ib-ft. 
The stator of this motor, with the field poles and pole 
15. The 


36-in. center hole. is 


face compensating winding. is shown in Fig. 
rotor, 45 in. in diameter with a 
shown in Fig. 16. Although a top speed of 25 rpm is 
available. exceedingly smooth rates are obtainable at 
less than 15 deg per hr. A typical electronic control 
cabinet for this drive is shown in Fig. 17. 

The motor of Fig. 18 has an outside diameter of 84 
in. and is capable of 12.000 lb-ft of torque. It has a 
permanent magnet field instead of the more common 
wound field. 

Five or six years ago efforts toward developing and 
perfecting the basic concepts and methods for direct 
drive servos were met with much skepticism and even 
prejudice. Today, the highest performance requirements 
The Directro] 
gearless power drive has more than proved itself. 


can be met only with direct drive servos. 





DESIGN TRENDS 


Dual Power-Source 
System Speeds 
Regulation Response 


CHARLES LANE, Applications Engineer 
Evecrric REGULATOR CORPORATION 
Norwalk, Connecticut 


EXxcEPT FOR LARGE, complicated and 
expensive systems, the usual methods 
of obtaining a-c generator regulation 
all exhibit shortcomings. A new simple 
and compact system, the “Magaset”* 
developed by Electric Regulator Cor- 
poration, provides a low cost and 
reliable means of efficient and respon- 
sive regulation for both new and exist- 
ing a-c generators. 

The common method of providing 
excitation for the main field of medium 
and large alternators is by the use of a 
small d-c generator, an “exciter,.” 
driven directly or through a belt by 
the alternator. The field of the exciter 
itself also requires excitation. Power 
to energize the exciter field can be 
obtained from the exciter output (self- 
excited), from any available d-c bus 
or by using the alternator output, 
rectified, as shown in Figs. 1, 2 and 3. 
In the diagrams for these basic ex- 
citation methods, finger-type voltage 
regulators are shown in the exciter 
field circuits. As the regulator varies 
its resistance in steps, a corresponding 
change takes place in the amount of 
excitation in the exciter field, control- 
ling the exciter output to the alter- 
nator field and therefore the alternator 
voltage. 

Self-excitation, Fig. 1, is simple and 
inexpensive but tends to be unstable 
and slow in response. The d-c bus 
excited system, Fig. 2, is faster and 
more stable than self-excitation, but 
d-c busses are seldom available; an 
additional disadvantage of the system 
is that the larger amount of control 
power that must be handled tends to 
tax the regulator excessively. By rec- 
tifying a portion of the alternator 
output, Fig. 3, d-c busses are not re- 
quired, but it is still true that high 
control power is required and the sys- 
tem depends, in most applications, upon 
flashing the exciter field upon starting. 

The Magaset is a unique excitation 


*Patent applied for, Electrie Regulator Corp 











Fig. 1—Alternator with self-excitation and “Regohm” finger type regulator (Electric 
Regulator Corp.) 




















Fig. 2—-Bus excitation of alternator exciter. 
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Alternator output rectified to energize exciter. 
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Fig. 4—-The “Magaset™ exciter regulation 





Fig. 5--The Magaset, consisting of three 
diodes and an associated resistor together 
with the necessary heat dissipating and 
mounting hardware. 


system that makes two sources of 
power available to the exciter field. 
Fig. 4. The physical form of a typical 
Magaset unit is shown in Fig. 5. Com- 
bining bus and self-excitation. it elim- 
inates the drawbacks of each used 
separately and radically improves al- 
control. In 
Magaset causes the exciter field to be 
self-excited from 
citer output, and then to receive ex- 


ternator operation, the 


a portion of the ex 


citation from the alternator’s output 
other a-c 
transfer from self to a-c bus excitation 
and back occurs in every cycle of the 


or from any supply. The 


a-c. 
The Magaset consists of three diodes, 
a resistor and the necessary mounting 
and heat-dissipating hardware. In Fig. 
4. current will flow through D/ or D2, 
depending upon which has the higher 
supply voltage at a given time. Thus, 
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system. 


Load 
applied 





+ we 
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Fig. 6—Oscillogram records of test re- 


sults on alternator showing improved 
performance when using Magaset system. 
The regulated unit was a diesel-engine 
driven, 200-kva 60-cyele generator. Steady- 
state voltage was 380 volts; the transients 
resulted from the application and _ re- 
moval of full load at 0.8 P. F. Each hori- 
zontal division on the charts is equal 


to | second. 


on the positive half of the alternator 
cycle, the exciter field will be a-c bus 
excited by way of the half-wave rec- 
tified power through diode D2. On the 
negative half cycle, the exciter field 
will be self excited through diode D/. 
Each blocks 


the other is conducting. Diode D3 and 


diode alternately while 


the associated resistor constitute a 
field discharge circuit that routes away 
from the voltage regulator the energy 
released when the alternator is abrupt- 
ly unloaded. This energy can amount 
to several times the normal rated regu- 
lator power, and without the bypass 
circuit it can cause severe arcing at 
the regulator. The field-discharge cir 
cuit substantially 
life and reliability. It is recommended 
particularly in alternator applications 


increases regulator 


involving frequent transients or start- 


stop operations. 


Figure 6 illustrates a typical case 
of the improvement in generator regu- 
lation effected by the Magaset system. 
The Magaset can be readily installed 
on any new or existing a-c generators 
that have rotating exciters that are, 
or can be, controlled by the Regohm 
voltage regulator produced by the 
Electric Regulator Co.. regardless of 
frequeney and other ratings. The sys- 
tem has numerous advantages. More 
stable operation is obtained, because 
of the use of the a-c bus for the small 
excitation changes needed in the high 
gain region of the exciter character- 
istic, and faster response derives from 
the fact that no delay due to exciter 
build-up time is encountered. On over- 
load, generator output current is sus- 
tained because the 
main field excitation for sustained al- 
ternator overload or short circuit. Be- 


exciter provides 


cause of the low forward resistance 
of the diode rectifiers used in the 
Magaset, build-up at start from the 
exciter residual magnetism is assured. 
and reversed polarity of the exciter 
is prevented by the diode rectifiers. 
In addition, the field discharge feature 
assures longer regulator life 


Molded Nylon Blocks 


For New Patchcord 
Programming System 


\ NEW TYPE OF CELLULAR construction 
utilizing close-tolerance molded nylon 
blocks and plugs for prevention of cur- 
rent leakage in removable patchcords 
part ot 
gramming system. has been developed 
by AMP Incorporated. Harrisburg. Pa. 

The programming 
structed of molded nylon blocks alter- 
nating with interlocking metal strips 


a new shielded-patcheord pro- 


system Is) con 


(see illustrations). This cellular sys- 
tem of construction. while preventing 
current leakage between circuits, pro 
vides the strength advantages of a metal 
patchboard. Each nylon block has a 
molded-in hole so that standard pate] 
patcheords or special 


cords. coaxial 


Basie units of AMP patcheord system, 
including lead wire, molded nylon plug. 
and molded nylon block, which is basic 
cell of the system. 
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shielded patchcords can be inserted. 
Construction of this type permits indi- 
vidual hole layout and color coding to 
meet individual requirements. 

The excellent insulating properties 
of molded nylon as well as its rela- 
tively high strength supply a strong. 
insulated surface. The ease of arrange- 
ment of the parts allows use of this 
system on a wide variety of computers, 
test equipment, business machines and 
automated industrial processing equip- 
ment. 

The success of the molded nylon 
mating sleeve into which the assem- 
bled plug and lead wires are pressed 
depends on nylon’s property of elas- 
ticity within a permanent form. When 
this assembly is set into the hole in 
the nylon block, an undercut in the 
-leeve engages a lip on the inside of 


the hole, causing them to lock. The 
elastic properties of nylon allow the 
plug to be pulled out and reinserted 
without losing the hole’s original di- 
mensions, thus retaining its locking 
action. 

In both these parts, an extremely 
high degree of dimensional uniformity 
is required from piece to piece, so that 
there will be a perfect fit with any 
combination of plugs and blocks. A 
single-cavity molding technique devel- 
oped by Gries Reproducer Corp., New 
Rochelle, N. Y., is responsible for 


achieving this uniformity which is un- 


obtainable by conventional multi-cavity 
techniques. 

In addition to greater dimensional 
uniformity, the automatic molding tech- 
niques yield high production rates 
Due to the unique design of the process 
ing machines. parts come out finished. 
trimmed and ready for use. If produced 
by conventional molding techniques. 
secondary trimming operations would 


be necessary before the parts could be 
put into service. o'o 6 


Cutaway view of cellular system of con- 
struction for preventing current leakages 
between circuits. The cell is the precision 
molded nylon block. 





Random-Access Store 


(PERTURED FERRITE MEMORY plates and 
solid-state circuitry have been com- 
bined throughout to achieve simplicity 
and reliability in the design of a ran- 
dom-access memory system. With an 
access time of 12 microsec. Model 3122 
(Fig. 1) made by Rese Engineering. 
Inc., Philadelphia, Pa.. has a capacity 
of 512 8-binary-digit characters, with 


random access for both writing and 


cc een rere enet 


reading. Read and write access cycles 
may be arbitrarily mixed, and syn- 
chronous internal timing or synchro- 
nous or asynchronous external timing 
may be employed. depending on _ re- 
quirements. 

A simplified block diagram of the 
apertured ferrite storage plate and its 
operation is shown in Fig. 2. The stor- 
age plates are made by RCA. Using 
a proprietary topological technique de- 
veloped at Rese, the output signal-to- 
noise ratio of the signals read out of 





Fig. 1 (left) 


I ig. 2 (below ) 


Random 
contained in rack cabinet 


the plate is comparable to that usually 
associated with coincident-current core 
memory planes. 

All elements of the system involving 
logic, power supply, current switching. 
or signal amplification are transistor- 
ized and are mounted on etched, glass- 
epoxy plug-in boards. A typical board 
with components mounted on it is 
shown in Fig. 3. Figure 4 shows a stand- 
ard modular assembly. Diodes and 
transistors are derated to conform to 
reliable computer operating standards. 
The Random-Access Store is capable of 
being expanded in both storage capac- 
ity and word length to fit particular 
applications. Standard parity circuits 
can be provided to check memory input 
and output data. For added functional 
flexibility. the character register may 
alternately be a_ shifting register to 
accommodate input and/or output char- 


Access Store for computer systems is 


30 in. high. 


Simplified block diagram showing ferrite 


apertured memory plate and operation. 
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cp & 


REGULATIO 
and STABILI 


<~. VOLTAGE REGULATED 
POWER SUPPLIES 


OUTPUT | OUTPUT | OUTPUT SIZE 
MODEL VOLTS |AMPERES|IMPEDANCE 
oc oc oc 


Model SC-18-2-M 





1K eene H 5 
SC-18-0.5 0-18 | 0-0.5|.04] 4 4%" | 135%" 
SC-18-1 0-18 0-1 |.02] 2 4%2" | 135%” 
SC-18-2 0-18 | 0-2 |.01] .1 45%" | 1354” 
SC-18-4 0-18 | 0-4 |. ; * 13%"113" 
SC-36-0.5 0-36 | 0-0.5].08| . 4%2"| 135%” 
SC- 36-1 0-36} 0-1 |.04] . 4%," | 1354" 
SC- 36-2 0-36 | 0-2 |.02] . " 13%"113" 
SC-3672-0.5| 36-72 | 0-0.5].15 }1. 4%,"| 1354" 
$C-3672-1 | 36-72] 0-1 |.08| . " 13%"! 13" 











*Two units mounted in 
Rack Adapter RA-2 









































Model SC-18-4-M 
Patent Pending 


(TUBELESS) @ REMOTE PROGRAMMING at 1000 ohms per volt is 


provided. Remote programming allows mounting a 
voltage control at a remote point 


REMOTE ERROR SIGNAL SENSING is provided to 
maintain stated regulation directly at load 


CONSTANT CURRENT OPERATION: These units can 
be set up for constant current operation without in 
ternal modification 


TRANSISTORIZED 


SHORT CIRCUIT PROTECTED 


@® REGULATION: 0.1% for line changes 105-125 volts 


at any output voltage in the range minimum to maxi- 
mum. 


0.1% or 0.003 volt for load changes 0 to maximum 
(whichever is greater) at any output voltage in the 
range minimum to maximum 


@ RIPPLE: 1 mv. RMS. 
@ RECOVERY TIME: 50 microseconds 


® STABILITY: (for 8 hours) 0.1% or 0.003 volt (which 
ever is greater). 


@ AMBIENT OPERATING TEMPERATURE: 50°C maximum 
Over-temperature protection provided. Unit turns off 
when over-temperature occurs. Power-on-off switch 
on front panel resets unit 


@ TEMPERATURE COEFFICIENT: Output voltage changes 
less than 0.05% per °C. 


@ SHORT CIRCUIT PROTECTION: No fuses, circuit 
breakers or relays! Designed to operate continuously 
into a short circuit. Returns instantly to operating 
voltage when overload is removed. Ideal for lighting 
lamps and charging capacitive loads. 


@ OVER-CURRENT CONTROL: Can be set from 0 to 
120% of full load. Current is limited to preset value 
for any load including short circuit 


POWER REQUIREMENTS: 105-125 volts, 50-65 cycles 
400 cycle units available 


OUTPUT TERMINATIONS: DC terminals are clearly 
marked on the front panel. All terminals are isolated 
from the chassis. Either positive or negative terminal 
of each DC output may be grounded. A terminal is 
provided for connecting to the chassis. The DC term: 
nals, the remote programming terminals and the re 
mote error signal sensing terminals are brought out 
at the rear of the unit 


CONTROLS: Power-on-off switch, one turn voltage con 
trol, on front panel. Over-current control on rear of 
unit. Ten turn voltage control available on special 
order 


Continuously Variable Output Voltage. No voltage 
switching 

Suitable for square wave pulsed loading 

Either positive or negative can be grounded 
Units can be series connected 

High efficiency @ Low heat dissipation 
Compact, light weight @ For bench or rack use 
Color: Gray hammertone. (Special finishes available) 


ORDERING INFORMATION: 

Units without meters use model numbers indicated in 
table. To include meters add M to the Model No. (e.g 
SC-18-1-M). 


*Rack adapter for mounting any two 8%” x 4%” units is 
available. Model No. RA2 is 5%” high 19” wide. 


*Rack adapter for mounting any one 844” x 4%)” unit is 


KEPCO. 


LABORATORIES, INC. 


131-38 SANFORD AVENUE + FLUSHING 55, N.Y. 
INDEPENDENCE 1-7000 


available. Model No. RA3 is 544” high 19” wide 


AN 0.01% SERIES IS AVAILABLE IN 13 NEW MODELS 
KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED 
POWER SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TUBE 
AND TRANSISTOR TYPES. MOST MODELS AVAILABLE FROM STOCK. 
SEND FOR BROCHURE B-587 
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Fig. 3 (right)—All logic, power supply. 
and amplification circuitry is contained 


on glass epoxy modules. 


acters in serial form and a means of 
providing conversion between serial 
and parallel forms. Also, the address 


register may be converted to a binary 


or decimal counter which may cycle i MI \ — e 


continuously or cycle to a pre-set count. SS ..\ ° » $ 
A signal indicating maximum count + Mh => > 2 Re 2, 
can be provided. For particular appli- ; RRRER Rh RRR 
cations the counter can also be provided 
as a reversible device for counting up 
or down. 
The Store is self-contained in a 30-in. 
rack cabinet. No supplemental cooling 
is required and the operating tempera- 
ture range is from 65 to 105 F ambient. 
Input and output connections are made 
at the rear of the unit through plug 
connectors. Simple front-panel controls 
are provided for a-c power control, 
operating mode selection, internal clock 
frequency control, manual clearing. cy- 
cle initiation, and manual stopping. 
Front panel indicators show the con- 


tents of a given address. 


Fig. 4 (right)—Standard modular as- 


sembly contains 27 boards. 





Close Temperature 
and Humidity Control 
by Time Proportioning 


\ STANDARD THERMISTOR-TYPE tempera- 
ture controller having a_time-propor- 
tioning control mode enabled Tenney 
Engineering. Inc.. of Union, N. J.. man- 
ufacturer of environmental test equip- 
ment. to develop a precision psychro- 
metric chamber in which dry-bulb tem- 
perature can be controlled within the 
exceptionally close limits of +0.1 C and 
relative humidity to +0.1 per cent. 
Fig. 1. Adoption of the thermistor con- 
troller led to considerable cost saving 
by eliminating the elaborate type of 
instrumentation system generally re- 
quired to provide equivalent control 
accuracy, 

The 12 cu ft psychrometric chamber. 
which is designed specifically for cali- 
brating humidity sensing elements, con- 

trols temperature over a dry-bulb range 

a a of 5 to 40 C and relative humidity over 

Fig. 1—The 12 cu ft psychrometric chamber developed by Tenney Engineering is shown a range of 5 to 95 per cent. Because of 
in use at El-Tronics Inc. for calibrating humidity sensing elements. The Fenwal ther- its special design for calibration work, 
mistor controller which maintains the dry-bulb temperature is at the top of the panel. control tolerances are considerably 
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EVERYTHING UNDER CONTROL 


‘GUARDIAN 
oteaderstge 


in electromagnetic control began more than twenty-six years 
ago when Guardian became dedicated to the control of 
maximum power in minimum space. Here you see preferred 
standards of micro-miniature, sub-miniature and miniature 
control of today’s aircraft, missiles and electrical industries. 


Ss 


a Series 1005 Micro-Miniature Control 


Series 1005 Relay 3 Amp Double Pole, Double Throw. Meets or 

. re a surpasses requirements for all specifications 

L. Be Be 0. "a of MIL-R-25018 and MIL-R-5757C. No excep- 

tions. Contact Rating: 3 Amps at 125° C. per 

MIL-R-25018; 2 Amps at 125° C. per MIL-R- 

25018 and MIL-R-5757C Hermetically sealed. 
Specify plug-in or solder hooks. 

$590 














L. 24" W. Ve" D. 1%)" Series 2005 Sub-Miniature Control rps 
(maximum) 5 Amp 6 Pole, Double Throw. Meets or Chicago, Ill 

exceeds MIL-R-6106B and MIL-R-5757C. 

Built to withstand 100 G shock. Vibra- 

tion resistance is 10 G minimum from 75 

to 2000 c.p.s. in all mounting planes. 

All contacts rated at 5 Amps 24 to 30 v. 

D.C., resistive load. Operates with volft- 

age variations as low as 16 v. at 25° C., 

ambient. 


mow a 
Series 3205 Relay / Series 3205 Miniature Control 


L. 22” W. 12%" D. 17%6” 

(maximum) 10 Amp 4 Pole, Double Throw aircraft and 

- missile relay uses same size envelope as 

AN 3304 (4 P.D.T. 3 Amp relay) and is 

approximately the same weight. Designed 

to meet and exceed test requirements of 

MIL-R-6106B, Class B. Meets minimum 

current requirements of military specifi- 
cations. 


{ al ) \ 
each 
Series 2005 Relay +f ip lots of J 











Unite for circulars giving complete specifications 


GUARDIAN W ELECTRIC 


MABRUPACTURIWN G COMPANY 
1627-A W. WALNUT STREET, ‘‘Everything Under Control’’ CHICAGO 12. ILLIN 
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tighter than those required for normal 
environmental testing. Specifications 
called for dry-bulb temperature control 
within +0.25 C, and relative humidity 
within <1 per cent. 

The dry-bulb temperature is main- 
tained by operating a ¥-hp refrigera- 
tion system continuously and bringing 
the temperature up to the control point 
by cycling the heat input upon demand 
by the temperature controller. The 
heat is supplied by 12 electric strip 
heaters, totalling 1 kw capacity, which 
are cycled by a standard Series 560 
thermistor controller manufactured by 
Ashland, Mass 
The wet-bulb temperature is maintained 


Fenwal Incorporated, 


by an electro-hygroscopic type control- 
ler which uses a lithium chloride sens 
ing element. This instrument controls 
the moisture level by actuating a hu- 
midifying system to maintain a high 
humidity or a dry air bleed-in system 
for low humidity levels. 

To maintain the extremely 
bandwidth for dry-bulb temperature, 
the amount of heat input must be close- 


narrow 


ly tailored to the size of the deviation 
from the control point. In most cases 
the full 1 kw input would overcorrect 
the deviation and produce overshoot, 
hence some form of proportional con 
trol was needed. The usual way of pro 
portioning electric heat input is with 
a proportioning-type temperature con- 
troller coupled to a pneumatic control 
system. Such a system includes an air 
supply, a pneumatic transducer to con- 
vert the mechanical output of the con- 
troller into an air pressure proportional! 
to temperature deviation, pneumatic 
lines and a group of staggered air- 
electric switches, each of which con- 
trols part of the total heater 
The magnitude of the air signal deter- 


capacity. 


mines the number of switches actuated 
and thus serves to proportion the heat 
input according to the size of the re- 
quired correction. 

This same effect is 
achieved by the Fenwal temperature 
control directly 
cultry 


proportioning 


without any air cir 
whatsoever. The  thermistor- 
actuated unit has a built-in proportion- 
ing circuit for direct control of any 
electrically actuated final control ele- 
ment on a time-proportioning basis. In 
time proportioning, the control circuit 
is energized for a given number of 
seconds during each quarter-minute in 
direct proportion to the size of the devi- 
ation to be corrected. For many appli- 
cations the automatic ratio-ing of “on” 
and “off” time produces the same end 
result as a continuously modulating 
control, 

The temperature control unit, shown 
at the top of the panel in Fig. 1, pro- 
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Thermistor probe 
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Cooling water 
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Solenoid valve 


(Optional circuit for cooling) 


Fig. 3 


vides both “on-off” 
pletely adjustable differential and pro- 
portioning control using a time-modu- 


operation with com- 


lated action with variable proportional 


hand limits. The proportional evcle time 
is fixed by the heating and cooling time 
constants of the two internal thermistor- 


»] 


heater units. Fig. 2. The cycle time 


varies from 8 to 20 sec for 50 per cent 
“on” time up to 60 sec or more at the 


extremes of proportioning action. 


Application circuit for the Fenwal temperature controller. 


When used in the “on-off” 
mode, the “L” load circuit 
energized as the 


control 
remains 
svstem temperature 
“High Limit” 
setting. The relay then a and 


rises up to the control 
transfers to energize the load ¢ 

cuit. The relay will remain ‘a this po- 
sition until the system temperature is 
reduced to the setting of the “Low 
Limit” control. With the selector switch 
set for 


“Proportional” control, the 
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G-V stands guard with Robertshaw 


to detect harmful vibration... 


Abnormal and persistent vibration in rotating equipment usually means costly trouble 
Robertshaw-Fulton’s Vibraswitch Detectors and Model 651 control units detect 
vibration and shut down valuable equipment before damaging trouble develops. 


Two G-V Red Line Thermal Time Delay Relays are used in each control unit. One blocks 
out the vibration detector while the protected equipment is starting up. The second 
times the duration of vibration and permits shut-down only if trouble persists. 


Absolute reliability of every component is vital in a protective system of this sort. 
G-V Red Line Delay Relays meet this requirement for reliability... at surprisingly low 
cost. Apply them in your equipment and be safe. 


Write for Publication 131. 


G-V CONTROLS INC. 


LIVINGSTON, NEW JERSEY 
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“High” and “Low” limit control set- 
tings become the proportional band 
high and low limits, respectively. At 
temperatures below the low band limit, 
the “L” outlet is continuously ener- 
gized. Within the band the “H” and 
“L” outlets are alternately energized. 
The complete cycle time, depending on 
bandwidth and other factors, will be 
between 10 and 60 sec. The ratio of 
time that the “L” 
to that of the “H” outlet is in propor- 
tion to the actual system temperature 
variation from the band center. The 
proportional band is made only wide 
enough to accommodate system re- 
sponse time lags. A typical application 
circuit for the temperature control is 
shown in Fig. 3. The basic design of 
the temperature-sensing 
stainless steel cartridge in which the 
thermistor sensing element is in direct 
contact with the extreme end of the 
probe. 

In the Tenney chamber control ap- 
plication, 12 heaters are controlled in 


outlet is energized 


probe is a 


a single circuit through a power relay 
actuated by the pilot relay in the tem- 
perature controller. The proportioning 
band of the Fenwal controller is ad- 
justable from a maximum of about 20 
deg C to a minimum of less than | 
deg C. The close control in the test 
chamber is obtained using a_ propor- 
tioning band of about 1 deg C. C 


Modular 
Word-Indicating Light 


IN APPLICATIONS SUCH AS airborne con- 
trol panels, the illuminated word indi- 
cator provides a valuable service which 
cannot otherwise be furnished by a sim- 
ple indicator light with a nameplate or 
legend inscribed on the adjacent panel. 
Two of the chief advantages are, of 
course, the quick and easy association 
between the function described by the 
illuminated word and the light and the 
saving in space accomplished by the 
removal of the extra nameplate. A dis- 
advantage has always been the relative 
mechanical complexity of the construc- 
tion of the units, especially with regard 
to the replacement of burned-out bulbs. 

The Roto-Tellite, five of which are 
shown in Fig. 1, solves this problem 
with a simple one-piece, modular con- 
struction in which the bulb may be re- 
placed from the front without the use 
of special tools. As shown in Fig. 2, 
the front of the unit has a pivoted con- 
struction so that it can easily be turned 
around to expose the light bulbs for 
replacement. The construction of the 
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Fig. 1—Five Roto-Tellite modular word- 
indicating lights stacked together. Each 
unit is approximately 2 7/32 x 1% 
x ly in. 


part also permits the easy replacement 
of the legend as shown in Fig. 3. 
Made by Master Specialties Co., Los 
Angeles, Calif., the units may _ be 
stacked horizontally or vertically and 
are qualified under military specifica- 
tion MIL-T-5422. They can be supplied 
to accommodate inputs of 6, 12 or 28 
volts d-c and special circuitry can be 
incorporated in the modules to accom- 
plish a variety of test and indicating 
functions. The circuits of two such ap- 
plications are shown in Fig. 4. Diodes 
are included to prevent stray current 
feedback. For operation on 115 volts, 
400 cycles, no external transformer is 
required ; for 115 volts. 60 evcles, one 
is necessary. : : 








Fig. 2—To replace bulb, the front portion 
of the module is rotated about pivots on 
which it is mounted. 


Fig. 3 Legend of Roto-Tellite may also 
be easily replaced. 
_ 
— 


8vd 


a 2 aa eg ee 
Foult switch ! 


SW | 


(B) 


Fig. 4—Typical application circuits. Solid lines indicate circuits built into modules. 
(A) Test with blocking diode, divided light. (B) Test with dimming provision. 
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is a nut... 
or is it? 


At L & S, we produce hundreds 
of special nuts to customer specifi- 
cations...a few of which are shown 
here. Many times, our engineers de- 
velop the design—to meet a customer's 
specific fastening problem. Need a 
special-purpose nut or other fastener 
that doesn’t exist 2 We have the know- 
how and the equipment to design it, 
produce it, economically! ...Send us 


your prints or problems. 


L & S Fastener Engineering 
helps you “‘tighten up”’ 
on assembly costs 





4 LAMSON € SESSIONS 


5000 TIEDEMAN ROAD «+ CLEVELAND, OHIO 


Plants in Cleveland and Kent, Ohio + Chicago and Birmingham 


J 
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Molded Polyester 
Structures 
in Welding 

Transformers 


PRESTON E. GIRTON 

Chiet Development Engineer 

KinkHoOr MANUFACTURING CORPORATION 
Grand Rapids, Michigan 


IN REDESIGNING 50-. 60- and 70-kva 
resistance 
Kirkhof 


Grand Rapids, Mich., minimized th 


welding transformers, the 
Manufacturing Corporation, 
possibility of transformer-grounding 
via any internal-to-external short by 
development of an “all-dielectric™ 


transformer in which almost every 
structural part would be molded from 
glass-reinforced polyester. A second ap 
proach was to seal the most vulnerable 
parts of the transformer against con 
tamination. The good flow characte 
istics and mechanical strength of the 
molding compound helped obtain pre 
cisely-fitting mating parts adaptable to 
sealed construction. As a_ result, for 
all practical purposes. it is impossible 
for either the primary or secondary 
end of the transformer to short out to 
ground. The extensive use of molded 
polyester parts reduced finishing and 
fabricating operations to a point where 
the unit manufacturing cost of the new 
transformer was not increased over the 
cost of materials used previously 
Other design improvements in these 
new Power-Pak transformers increased 
thermal capacity by 90 per cent and 
current output by 136 per cent, with 
no increase in the overall size of the 
unit. This was accomplished by devis- 


ing a more efficient cooling loop for 


WATER 
CONNECTION 
SECONDARY 
LUG 


ATIF ROD 


SWITCHING 


TOGGLE 
ARM 
CAM 


Fig. 1 


CONTACT 


PLASTIC - COATED 
STEEL HOUSING 


Exploded view of one of the Power-Pak welding transformers showing major 


structural parts and components. All structural parts, except the plastic coated housing, 
are molded from Thermoflow glass-fiber polyester molding compound. 


the secondary coils and by developing 
a cored casting for the secondary base, 
permitting water cooling of the entire 
hase, including the secondary pads. 
Service experience with the new 
transformers has been uniformly good. 
\ substantial reduction in service fail- 
ures clearly can be translated into such 
tangible benefits as less interruption 
of production, a smaller inventory of 
spares and lower operating and main- 


tenance costs. 


Insulation and Sealing Design 


The major structural elements of the 
transformer consist of a fully enclosed 
lap switch. a pair of rectangular body 
castings which are located at the front 


and rear ends of the primary-secondary 


assembly, a housing which encloses the 


assembly, and a cover plate which 
closes off the front end of the unit. 


Except for the front cover, which is 
fastened separately to the front body 
casting, the entire transformer is held 
together by four longitudinal tie rods 
which extend between the outer face 
of the tap switch cover and the front 
body casting. All these structural parts 
are molded from Thermaflow 100, an 
electrical-grade_ glass-fiber reinforced 
polyester molding compound manu- 
factured by Atlas Powder Co., Wil- 
mington, Del. The only metallic part 
is the housing for the primary-second- 
ary assembly, which is formed from 
sheet steel but is insulated on both sur- 
Korvel cellulosic fusion- 
bonded finishing material manufactured 
by National Polymer Products, Read- 
ing, Pa. Since all screws and mount- 


faces. with 


ing bolts are threaded either directly 
into the polyester or into threaded in- 
serts molded in the plastics material. 


Fig. 2a —Old version of the transformer utilized cast aluminum Fig. 2b—External views of the new sealed Power-Pak trans- 


tap switch cover and internal metal structural parts which per- 
mitted the transformer to short out if penetrated by conductive 
contaminants. Tap switch was not an enclosed unit, but as- 
sembled to the basic surface of the switch 
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cover. lugs. 


former. Note molded-in channels in tap switch cover which 
prevent water from collecting in the recessed center, and the 
one-piece front cover which seals off spaces between secondary 
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Two lamps (6V.}—inde- i Ae Solder 
pendent circuits can be Reliable Push- terminals 
indicated on single unit. Push” design standord. 
provides alter- on 
eats CP endl (AMP Quick-Dis- 
lamp circuit can be ON action. connect, turret or 
wired independently or double-turret ter- 
through switch unit. minals avoiloble 
on special order.) 























STANDARD MODELS (Cé6-Series) 
Lighted Push-Button Panel Switches 


Standard models furnished with two-piece colored button, 
6V. lamps, two basic switches (E4-103) with solder Paes Ry 


€6-53—(shown above)—"Push-Push”, alternate action. 
Rens action with over-centering device, positive 


C6-51—Momentary action. 

6-50 — for pilot light duty only. Consists of 2-piece 
colored button and lamp unit with two 6V. lamps. (No switch- 
ing mechanism). 

@ 2-piece color-coded button; 5 colors available. 
@ Barriers ordered separately — to meet panel requirements. 
@ 28V. lamps available on special order. 


BASIC SWITCH OPERATING CHARACTERISTICS 


Gantedt ATOM occ cccccccccscccccocccesccdecses D.P.D.T. 
Travel 3/32 Approx. 


Contact Pressure 
Contact Gap 


Temp. Range —65° F to +180° F. 
5A @ 125/250 V.A.C. 
2.5A ind @ W V.D.C. 


Current Rating 
4A Res @ 30 V.D.C. 


@ Complete push-button switch 

pom Kg nee san assembly 

Ros ied in any of 

llowing circuit 

pa. B (solder termi- 
nals on lamp assembly). 


“PUSH-ON, PUSH-OFF”’ 


ALTERNATE ACTION 


LIGHTED PANEL SWITCH 


units in / compact mounting; 


use singly or in “stacked” arrangement 


The compact, modular design of this new Electro- 
Snap ‘‘Push-Push’’ alternate-action, panel- 
mounted switch combines a two-piece, color- 
coded button, pilot light and switching unit in 
one space-saving component. Two or more units 
may be ‘‘stacked"’ side-by-side in one panel slot. 
This eliminates congestion while achieving greater 
operating efficiency and quality appearance than 
where separate button, light and switch units 
are used. 


Wide range of configurations permits 
almost unlimited application for control 
and indicating operations. 


Almost unlimited operating and indicating conditions can 
be provided for sequencing, movement-limit, start-and- 
stop and similar applications on missile, electronic and 
industrial controls through variation of: 


® circuit arrangements of switch and pilot lights 
@ colored lights for color monitoring 
@ colored push-buttons for color coding 


For full application details and specifications contact your 
local representative or write for data on Standard (C6 
Series) Electro-Snap ‘‘Push-Push'’ Panel Switches. 





momentary.conract PUSH-BUTTON 
PANEL SWITCH 


This momentary-contact, lighted push- 
button panel switch (C6 Series) has the 
same space-and-cost-saving features as 
the ‘‘Push-on Push-off'' switch above. 
It is available in various configurations 
to permit application to a wide range 
of indicating and switching operations. 


For details, write for Bulletin CB" 


Parallel 2-Circuit Common Ground 


@ The douwble-pole, 
double-throw switch- 
ing unit may be 
wired normally-open 
or normally-closed. 


ELECTROSNAP CORPORATION 


4238 West Lake Street, Chicago 24, Illinois 
VA 6-3100 TWX No. CG-1400 


Circle 164 on page 17 





DESIGN TRENDS 





there is no possible conducting path 
{from inside the transformer to any ex- 
ternal mounting. 


Tep Switch 


Development of a fully enclosed tap 
switch was an important step in elim- 
inating shorts due to external con- 
tamination. Previously the switch was 
assembled on a cast aluminum cover 
which, being installed in the trans- 
former without a rear closure, enabled 
dirt and moisture to work past the rim 
and short out the primary through the 
cover. The sealed, all-dielectric design 
which overcomes this problem is made 
up of five molded Thermaflow parts: 
the base, which contains the entire 
switch mechanism; the cover, which 
closes off the base; the switch drive 
shaft, which rotates the movable tap 
selector contact; the switch handle. 
external to the cover, which seats on 
a hex section at the top of the drive 
shaft; and the cover for the quick- 
disconnect plug. 

The fine detail and close tolerances 
(0.002 to 0.010 in.) attainable with 
the polyester moldings helped provide 
many of the important design elements 
and assembly simplifications in the im- 
proved tap switch. The four stationary 
contacts are installed in recessed 
hosses molded into each corner of the 
base. The steel vivot pins for the 
spring-loaded double roller arms of the 
switch toggle mechanism are inserts 
in %4-in. molded integrally 
into the base. A thin vertical ridge. 
molded into the base, mates with a 
slot in the quick-disconnect plug, helps 
seat the plug firmly, prevents excessive 
stress on the primary posts, and in- 
creases the electrical creep distance 
between the posts. Since all current- 
carrying parts are set directly into the 
plastic base, they are automatically 
isolated from each other without the 
need for individual insulating pieces. 
The mounting bolts for the four sta- 
tionary contacts and for the positive 
primary post extend through internal- 
ly-tapped copper inserts in the base 
and serve as external connectors. 

The cover for the tap switch base 
is specially designed to prevent seep- 
age of water, moisture or dirt into the 
switch. The recessed center portion of 
the cover, in which the switch handle 
rotates, is channelled out to the four 
corners to drain off splashes or con- 
densate immediately. The interior is 
further protected against leakage by a 
'4-in. raised rim around the top of 
the switch opening and by a shoulder 
at the base of this opening for seating 


bosses 
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a neoprene wiper strip. Finally, the 
edges of base and cover mate in a lay- 
type joint, later sealed with a caulking 
compound, to provide a mechanically 
tight waterproof joint between the 
two parts. 


Shock Resistance of Body Castings 

The three remaining polyester parts 
are the pair of rectangular body cast- 
ings (which are the main structural 
supports for the entire transformer as- 
sembly) and the cover, which encloses 
the front 
transformer. 


(secondary) end of the 


castings, rectangular 
frames about 7% in. thick and 2 in. 
deep, demonstrate the excellent me- 
chanical strength of the 
These castings, connected by longitudi- 
nal tie rods running between the four 
corners, form a frame which sustains 
not only the weight of the transformer 
(when suspended from the threaded 
mounting holes) but also the much 
higher dynamic loads occurring in serv- 
ice. For example, nearly the entire 
physical shock of the heavy primary- 
secondary assembly, as it reacts to the 
surge of current at the beginning of 


The two 


polyester. 


every welding cycie, 1s concentrated 
in the small corner areas of the body 
castings where the tie rods are an 
chored. Pairs of wedges molded in the 
inside wall of the body castings pre- 
vent the assembly from shifting side- 
ways during these surges. The actual 
anchoring action is provided by a set 
screw projecting through each wedge 
and threaded directly into the 
polyester. The slight resiliency inher- 
ent in the plastic, plus the gripping 
action of the exposed fibers in the 
tapped threads, tend to lock the set 
screws in place and prevent them from 
hacking off under the repeated surges. 

Thermaflow 100 glass-polyester was 
selected after careful comparative tests 
with phenolic and several other 
Thermaflow compounds. This particu- 
lar formulation was found to have the 
best combination of high impact, com- 
pressive and flexural strength, good 
electrical insulation properties and ex- 
cellent chemical resistance, including 
oils, grease and water. The material 
also satisfied heat resistance require- 
ments compatible with an 85 C rise 
in Class B service and a 130 C rise 


in Class H service. ©oo00 





Oil-Ilmpregnated 


Bearing Retainers 


PROBLEMS CREATED IN oil-lubricated 
gyros for inertial guidance systems by 
the shifting of the oil masses have been 
minimized by the development of oil- 
impregnated nylon bearing retainers. 
Known as Nysorb. the new retainers 
are sintered from a finely divided nylon 
impregnated 
under instrument 
oil. The plastics retainer holds suffi- 
cient lubricant in its pores to operate 
the bearing at high speed for long pe- 
riods. Since the oil is distributed evenly 
throughout the retainer structure, there 
is little lubricant mass shift to unbal- 
ance a delicate guidance mechanism. 


powder which is then 


vacuum with an 


Nysorb uniformly retains 20 to 25 per 
cent of its own weight of oil under 
accelerations of over 800 g. 

In laboratory tests, the developer. 
The Barden Corp., has operated the 
retainers without loss of performance 


A bearing retainer (left) of sintered 
nylon powder is impregnated under 
vacuum with instrument oil (right) to 
be used in gyroscope ball bearings for 
inertial guidance systems. 


for more than 5000 hr under severe 
preload and speed conditions. The Ny- 
sorb retainers are said to absorb 10 
to 20 times as much oil as conventional 


phenolic retainers. OOO 


ELECTRICAL MANUFACTURING SPECIAL REPRINT SERVICE 


Have you ordered your copy of the following special reprints yet? 
Introduction to Semiconductor Theory 
Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 


Slide Rule Mathematics 


Human Engineering in Equipment Design 
e Casting Resins and Application Techniques 
See page 200 for ordering instructions for these valuable design engineering 


aids. 
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New all-epoxy 


[eP/A\IK® system 
drastically cuts 
encapsulation costs! 


Assembly Time and 
Reject Rate Greatly Reduced 


Soldering of leads 

is quick, simple, safe— 

never a cracked glass or 

broken seal because it’s all epoxy. And 

with rugged epoxy covers, your lead 

@ wires can be made of any metal. 
No coefficient-of-expansion problem. 





The entire package 
is then heated; the 
pellet automatically 
melts and cures, 
embedding the 
component and 
sealing the cover. 
In cases where 
encapsulation is 
desired without 
embedment, a self- 
sealing epoxy cover 
is available. 


lo 00000000 











er 


Write today for complete information and samples. 


The E-Pak System consists of an all-epoxy 
header with embedded lead wires, a cured 
epoxy shell and a premetered epoxy pellet. 
The three may be custom-made for your com- 
ponent and are available from one source. 


After the component 
is soldered to the 
epoxy header, a 
premetered pellet is 
dropped into the 
cured epoxy shell. The 
cover and component 
are then inserted into 
the shell. 


You now have a solid, 
chemically-inert seal 
from within; there is 
no solder, no flux, no 
acid to endanger 
component reliability. 
Your component is 
hermetically sealed 
and embedded in 
cured epoxy forever. 


E POXY PRODUCTS, INC. 


A Division of Joseph Waldman & Sons 


137 Coit Street, Irvington, New Jersey 


| ST4-> ao te] 010) 8) 


JANUARY 1959 Circle 165 on page 17 








Association Activities 





Industrial Automatic Systems Section 
Formed By NEMA 


A new group, known as the Industrial 
Automatic Systems Section, has been 
formed by the National Electrical 
Manufacturers Association. D.  L. 
Pierce, assistant manager, Control De- 
partment, Motor and Control Div., 
Westinghouse Electric Corp., Buffalo, 
N. Y., has been elected chairman of the 
new section, and H. L. Palmer, man- 
ager-engineering, Specialty Control 
Dept.. General Electric Co., Waynes- 
boro, Va., has been elected chairman of 
the section’s General Engineering Com- 
mittee. 

Electrical manufacturing companies 
represented at the organization meeting 
held in November included the follow- 
ing: Cutler-Hammer. Inc.. Square D 
Co., General Electric Co., Minneapolis- 
Honeywell Regulator Co., Westinghouse 
Electric Corp., Allen-Bradley Co., and 
The Reliance Electric & Engineering 
Co 

The new section will concentrate its 
activities for the present on the de- 
velopment of product standards which 
will set forth certain criteria so that 
future components for industrial auto- 
matic systems will measure up to rigid 
requirements demanded in the way of 
reliability and performance. Many of 
the components now in use for such 
systems were developed primarily for 
office and communications equipment. 
rather than for industrial applications. 

Tentatively, these are the products 
for which standards will be considered: 

“Assemblies of components arranged 
in one or more feedback regulating 
closed loops to form a system for the 
measurement and control of industrial 
processes, such as, but not limited to. 
(1) machine tool and metal machinery. 
(2) conveyor, automatic warehousing 
and packaging machinery. and (3) mill 
processing machinery.” 

The next meeting of the Section will 
be January 13 at NEMA headquarters 
in New York City. 


Recipients of W. R. G. Baker and 

B. J. Thompson Awards 

The board of directors of the TIRE has 
announced that the 1959 W.R.G. Baker 
Award will be given to Richard D. 
Thornton, assistant professor of electri- 
cal engineering, Massachusetts Institute 
of Technology. Cambridge. Mass. for 
his paper entitled “Active RC Net- 
works” which appeared in the Septem- 
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ber 1957 issue of JRE Transactions on 
Circuit Theory. 

The board of directors also named 
Franklin H. Blecher of Bell Telephone 
Laboratories, Inc., Murray Hill, N. J., 
as recipient of the 1958 Browder J. 
Thompson Memorial Prize Award for 
his paper entitled “Design Principles 
for Single Loop Transistor Feedback 
Amplifiers,” which also appeared in 


the September 1957 issue. 


URSI Spring Meeting Papers Solicited 
Papers are being sought for the URSI 
technical sessions to be held in Wash- 
ington, May 5-7. 1959, under the aus- 
pices of the National Academy of 
Sciences-National Research Council. 
Co-sponsors will include IRE Profes- 
sional Groups on Antennas and Propa- 
gation, Circuit Theory and others. 

4 combined technical 
scheduled for May 5, to be followed 
by sessions in each of the following 
fields of interest: 


Comm r ] R 


session is 


Comn 
i 


of Terrestrial Origin, 
low 
stronomy, Chairman E, F 
Waves and Circuits—Sub 
Theory; 6.2, Cire 
A. Zadeh; 6.3, Ar 
Chairman Dr. John I 


‘ t 
ie s and Waves ide 
Bohnert 

Authors are invited to submit. on or 
before February 1, titles and 100-200 
word abstracts of papers offered for 
presentation at the Spring meeting. 
Mail to appropriate Commission Chair- 
man c/o K. S. Kelleher, 1914 Duke St.. 
Alexandria, Va. 


IRE Elects Officers for 1959 


Ernst Weber. president of Polytechnic 
Institute of Brooklyn and president of 
Polytechnic Research and Development 
Corp., has been accorded one of the 
highest engineering honors by his elec- 
tion as president of the IRE for 1959. 
Dr. Weber succeeds Donald G. Fink. 
director of research of the Philco Corp. 

Donald B. Sinclair. vice president and 
chief engineer of General Radio Co.. 
West Concord. Mass.. will succeed Carl- 
Svenska 
Gasaccumulator. Stock- 


Sweden. as IRE vice 


Eric Granqvist, director of 
Aktiebolaget 
holm-Lidingo, 
president. 
Elected as directors for the 1959-196] 
term are Ferdinand Hamburger. Jr.. 
professor of electrical engineering at 
The Johns Hopkins Univ., Baltimore. 
Md. and Bernard M. Oliver, vice presi- 


dent of research and development, 
Hewlett-Packard Co., Palo Alto, Calif. 


J. R. Townsend Elected President of ASA 
J. R. Townsend, special assistant. 
Office of Assistant Secretary of Defense 
(Research and Engineering) has been 
elected president of the 
Standards Association. 
Mr. Townsend replaces H. Thomas 
Hallowell, Jr.. president of Standard 
Pressed Steel Co., Jenkintown. Pa., who 


terminates a 3-year service as president 


American 


of the ASA—the maximum time pos- 
sible. 

Mr. Townsend, a past president ot 
the ASTM, is an outstanding authority 
on standards work. After 38 vears of 
service with the Bell System. he was 
given leave of absence in 1952 to be- 
come director of Materials Application 
Corp.. Al- 
buquerque, N.M. In 1957, he was ap- 


Engineering for Sandia 
pointed to his present federal govern- 
ment position. 


National Conference on the Application 
of Electrical Insulation 


Following considerable deliberation and 
several changes of minds. the Shore- 
ham Hotel appears to have been chosen 
as the site available for the 1959 Con- 
ference. The dates of December 7-10. 
1959 (Monday-Thursday) have been 
tentatively reserved pending confirma 
tion by the Committee. 

Tentative plans have also been made 
to hold the 1960 Conference at the 
Conrad Hilton Hotel in Chicago. and 
in 1961 at the Queen Elizabeth Hotel 
in Montreal. Canada. 


Members Vote Approval of 
ASHAE-ASRE Merger 


Members of the two Societies have 
voted for the merger of the American 
Society of Heating and Air-Conditioning 
Engineers and the American Society 
of Refrigerating Engineers. 

The consolidated Society will be 
named the American Society of Heat- 
ing. Refrigerating and Air-Conditioning 


Engineers (ASHRAE). 


Fourth Annual Conference on Non-Linear 
Magnetics and Magnetic Amplifiers 
The fourth annual Special Technical 
Conference on Non-Linear Magnetics 
and Magnetic Amplifiers will be held 
September 23, 24. and 25, 1959. The 
Conference is sponsored by the ATEE 
Committee on Magnetic Amplifiers 
and the IRE Professional Group on 
Industrial Electronics. 

Authors are invited to submit ab- 
stracts of papers to the Technical Pro- 
gram Chairman, Mr. F. G. 
1601 Forest Park Ave.. Baltimore 7. 
Md.. by February 1. 1959. Abstracts 
should be 200 to 400 words in length 
Final manuscripts must be submitted 


by June 22. 


Timmel. 


1959. Papers may be sub- 
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A planning chart for designers who need both 


a high-power audio types to 
high-stability switching types, both 
NPN and PNP germanium transis- 
tors are now available from Sylvania. 
With this wide range of types, elec- 
tronic design engineers can take full 
advantage of the complementary 
aspects of NPN and PNP in every 
major circuit application. 


¥ SYLVANIA | 


LIGHTING ¢ TELEVISION * RADIO » 


JANUARY 1959 


Sylvania NPN and PNP transistors 
for switching applications exhibit 
the high Beta stability and fast rise 
time so important for data process- 
ing. NPN and PNP types for RF-IF 
applications feature high output 
resistance for increased gain. For 
your audio needs Sylvania offers one 
of the industry’s most complete lines. 


ELECTRONICS * PHOTOGRAPHY » 


Circle 166 on page 17 


ATOMIC ENERGY ~» 


The entire Sylvania line of NPN and 
PNP types incorporates hermetic seal 
construction for maximum protec- 
tion against humidity and other 
environmental conditions that can 
affect performance. For complete 
information on NPN and PNP tran- 
sistors, contact your Sylvania repre- 


sentative or write Sylvania directly. 


SYLVANIA ELEcTRIC PRopuctTs INC. 
1740 Broadway, New York 19, N.Y. 


2 ¢ 


nada: P.O. Box 1190, Station “‘O 
Montreal 9 
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SUB-MINIATURE R.F.CABLE 
CONNECTORS 


f, 











because... 


@ EASE OF ASSEMBLY: 
In factory, shop, lab, field. No 
special tools required. 


@ INCREASED PULL-OUT RESISTANCE: 


Cable-clamping construction with- 
stands 20-lb. strain. 


@ CAPTIVATED CONTACTS: 
Insure proper engagement with 
mating parts. Important with short 
cable lengths. 


“ConheX”" means characteristic hexagon 
bodies. In Cable Plug, Cable Jack, Bulkhead 
Receptacle, Bulkhead Jack, Cable Feedthru 
and the unique Right Angle Plug types. 50- 
ohm impedance size shown. 75- and 95-ohm 
sizes shortly available. Designed for use with 
latest MIL sub-miniature cables. Suitable for 
use at microwave frequencies. Interchange- 
able with but superior to existing connectors. 
Machined brass; beryllium-copper female 
contact; genuine gold plating; Teflon insula- 
tion. 


JUST TRY “CONHEX"! Write for literature. If 
you are a design or specification engineer, 
write on business stationery for free sample. 
Make your own tests and comparisons. 


*TM pend. 
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Jan. 12-14—5th National Sym 
posium on Reliability and Quality 
Control, sponsored by the American 
Society for Quality Control, IRE, 
AIEE, and EIA, Bellevue-Stratford 
Hotel, Philadelphia, Pa. 


Jan. 26-27 


Society ot 


First Annual American 
Lubrication Engineers 
Gear Symposium, Morrison Hotel, 
Chicago, Ill. 


Jan. 26-29 —65th Annual Meeting 
of the American Society of Heating 
and Air-Conditioning Engineers, and 
the 14th International Heating and 
Air-Conditioning Exposition, Phila 
delphia, Pa. 


Jan. 27-30—-15th Annual Technical 
Conference, Society of Plastics En- 
gineers, Hotel 
York City. Theme: 

Advances in Plastics.” 


Feb. 2-6 
Penn-Sheraton 
Pa. 


Commodore, New 


“World-Wide 


ASTM Committee Week, 
Hotel, Pittsburgh, 


Feb. 3-5-—-l4th Annual Technical 
and Management Conference, spon- 
sored by Reinforced Plastics Div., 
Society of the Plastics Industry, 
Inc., Edgewater Beach Hotel, Chi- 
cago, Ill. 


Feb. 12-13—1959 Solid State Cir 
cuits Conference, sponsored by IRE 
Professional Group on Circuit The- 
ory, AIEE Committee on Electron 
ics, IRE and AIEE Philadelphia 
Sections, and Univ. of Pa., Phila- 
delphia, Pa. 


Mar. 3-5—-Western Joint Computer 
Conference, sponsored by IRE, 
PGEC, AIEE, and ACM, Fairmont 


Hotel, San Francisco, Calif. 


mitted for the Conference only or for 
AIEE Transactions status as well. All 


| papers will be published in the Con- 


ference Proceedings which will be avail- 
able at the meeting. 


IRE Fellow Awards for 1959 


Seventy-six leading radio engineers and 
scientists from the United States and 
other countries were named Fellows 
of the IRE by the board of directors 


Mar. 16-20 Eleventh Western 
Metal Exposition and Congress, 
sponsored by the ASM and other 
technical groups, Pan-Pacific Audi- 
torium and Ambassador Hotel, Los 
Angeles, Calif. 


Mar. 23-26 IRE National Con- 
Waldorf- 


vention, Coliseum and 


Astoria Hotel, N. Y. 
Mar. 26—Fifteenth Annual Quality 


Control Clinic, sponsored by Roches- 
ter Society for Quality Control, 
Rochester, 


Univ. of 


Me es 


Rochester, 


Mar. 31, Apr. 1, 2-——Ninth Inter- 
national Symposium of Polytechnic 
Institute of Brooklyn, Microwave 
Research Institute, co-sponsored by 
Air Force Office of Scientific Re- 
search, U.S. Army Signal Research 
and Devel. Laboratory, Office of 
Naval Research, and IRE. Subject: 
Millimeter Waves. New York City. 


Apr. 1—28th Annual Meeting, Inter- 
Society Color Council, Statler-Hilton 


Hotel, New York City. 


Apr. 5-9 Annual Convention, Edi- 
son Electric Institute, New Orleans, 


Apr. 5-10—5th Nuclear Congress, 
Cleveland, Ohio. Sponsored by EJC, 


PGNS. 


Apr. 16-18-—-S.W. IRE Regional 
Conference and Electrical Show, 
Dallas Memorial Auditorium and 
Baker Hotel, Dallas, Tex. 


Apr. 20-21—-New Techniques in 
Electrical Industrial Instrumenta- 
tion, Philadelphia, Pa. 


by PGIE, AIEE. 


Sponsored 


at its recent meeting held in Atlanta, 
Ga. 

Presentation of the awards will be 
made by IRE Sections all over the 
world wherever the recipients reside. 
Recognition of the awards will be 
made by the president of the IRE at 
the annual banquet on March 25, 1959 
at the Waldorf-Astoria Hotel in New 
York during the 1959 IRE National 
Convention. 
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FROM UNIVERSAL ELECTRIC 


See@eeeaneeaecoaneaneceoeoeoew ee eoeeaceaoeCeaemee eae eee eee eeeee ee 6 6 6 6 6 


THE 
UNIVERSAL 
BEARING’ 


free aligning bearing 


*PATENT APPLIED FOR 


SUPPORT : . 
pressure 'n the conventional bearing assem- 


bly, the case support places pres- 
SPRING sure on the end of the bearing 
rather than in the center. A spring 
is utilized to allow the bearing to 


A new revolutionary bearing assembly, 
the Universal Bearing, that promises to 
eliminate fractional hp motor bearing 
problems has been designed and is now a eeememadete hott wleclignened. 
feature of UNIVERSAL ELECTRIC motors. The spring, however, dees act pre- 
The new Universal Bearing does not rely vhs euen tension ereund Gn eal 
on spring tension to aid its alignment SUPPORT surface of the bearing on all loads. 
but utilizes only the shaft itself. This is ac- When at rest, the weight of the 
complished by moving the axis of support shaft pulls the bearing out of line 
from the end of the bearing to the center and the spring, because of uneven tension, tends to resist rather than 
... the ideal location. help the bearing to adjust; actually holds the bearing in misalign- 


ois Se eer f ‘ ment. This results in a bearing not perfectly aligned with the shaft on 
Flexibility and rigidity of bearing support all loads and causes wear on shaft and bearing . . . sometimes actual 


and bearing are of primary importance, seizure and motor failure. At the very least, this condition results in 
particularly in fractional hp motors. The a hard starting or a noisy motor. 

design of the Universal Bearing insures 

continuous and positive alignment to the - anne ii eae ieieeeeibiaiiaiaiiie oo 
shaft at all times. A neoprene collar, which PRESSURE oe ; 
: ‘ i esigned that support pressure is 
is flexible, provides a perfect and firm fit ww (ij on the center of the bearing, rather 
between bearing and bearing support sur- PE ae = than on the end. This eliminates the 
face. The Universal Bearing is inherently commen 8 wm |) uneven tension common in the spring 
in balance . . . and cannot get out of either BI os | ME and permits adjustment of the axis 
alignment or balance. It is as firm as a Aa os position to true alignment. The bear- 
rigid bearing; more flexible than a self HH leest{li) CUSHIONED ing is inherently in balance and can 


a : CASE NEOPRENE regener 
aligning bearing. SUPPORT couar adjust to any shaft misalignment 


‘ 100 f the ti I 
The Universal Bearing Assembly provides at tie tne enter any tone 


: lif b lubri x conditions. A neoprene collar is 
longer bearing life, better lubrication used around the outside surface of the bearing to accommodate 


and an easier starting motor that runs manufacturing tolerances. Small metal clips are fitted around the 
without a whisper of sound. This is the outside surface to confine the neoprene collar and allow a free 
first major bearing improvement since sliding movement along the bearing support surface. The neoprene 
UNIVERSAL introduced the coil spring collar expands or contracts within the metal clips to afford a perfect 
bearing retainer in 1944. mating surface. 


PRECISION ELECTRIC MOTORS 


EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT. 14 


je UNIVERSAL ELECTRIC COMPANY 
17a 
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FOR BETTER WIRE TERMINATING 


AMP PATCHBOARD TECHNIQUE x 


p= 
7 


AMP-Lok MULTIPLE CONNECTORS 


A-MP PATCHCORD PROGRAMMING 
SYSTEMS AND PANELS offer tremen- 
dous versatility and flexibility. Ex- 
clusive feature of A-MP Systems is 
wiping action of pins against springs 
for clean contacts. A-MP Universal 
Patchcord Programming Systems and 
Panels are excellent for digital com- 
puters, data processing equipment and 
automatic test equipment. A-MP 
Shielded Patchcord Programming 
Systems and Panels are excellent for 
analog computers, telemetering equip- 
ment, test equipment and other low 
level applications where reliable shield- 
ing is required. Patchcords are made in 
a complete series for all programming 
requirements. 


3” SERIES TAPER PINS 
solid, screw machined 
rmed pins to mate 
acles. Both types 

nce elec 


trical characteristics 


(B) A-MP ‘‘53"" SERIES TAPER 
BLOCKS are available in either 
solid blocks or two piece P , 
or 20 cavity series sin 

insert 


A-MP “240” SYSTEMS .. . offer 
complete reprogramming in seconds in 
airborne applications. The compact - 

(C) A-MP TAPER TAB RECEPTACLES See en COUNTS  ; - S20 


accommodate flat tat 
the taper key principle feature 
Standardized tapered section to fit 
relays, stepping swit multiple 
connectors and other electronic com 
ponents 


(D) A-MP MINIATURE TAPER PIN RE- 
CEPTACLES eliminate tedious and 
costly operations of soldering leads to 
miniature connectors Thy ae 
37" Series Pins. 


“240” System weighs 34% pounds and 
features 240 patchcord receptacles for 
maximum program combinations. It, 
too, features the exclusive wiping action 
to assure optimum electrical contact at 


all times. 
Bulletin Number 58 


Information concerning any 


in 3, 6, 9, or 12 circuit units . . . the most 
versatile multiple connectors available 
to the electronics industry. Self anchor- 
ing units require no extra mounting parts 
for through-panel applications. All con- 
tacts are identical and self cleaning .. . 
recessed for safety. Finger grip engage- 
ment and disengagement of housing 
which is polarized to eliminate circuit 
error. AMP-lok will accommodate a 
wide range of panel thicknesses ... may 
be color coded. AMP-lok may also be 
used with complete safety as a free 


hanging multiple connector. 
Bulletin Number 45 


Bulletin Number 77 termination problem will be 
forwarded on request. For literature 
on the above products, write, giving 


bulletin numbers desired, to: 


/ , 


d . j awa 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 
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TECHNIQUES . 


PRINTED CIRCUIT TECHNIQUE 
TERMINALS AND SPLICES 


(A) AMP-EDGE TERMINALS ... 
assure excellent electrical contact with 
friction grippage and positive wiping 
action... apply easily to any section 
of the perimeter of the printed circuit 
board... reduce cost of application 
to wire conductor and to board. 


(B) AMPin TERMINALS .. . eliminate 
loose leads during solder-dip operation 
... promote good capillary action 
during solder dipping . . . accommodate 
solid or stranded conductors... are 
self retaining and self-aligning. 


(C) AMP COMPONENT TIPS . . . pre- 
vent movement of components during 
solder dipping cycle . . . permit bridging 
or offsetting of components . . . protect 
semi-conductor leads from solder dip- 
ping heat . . . eliminate need for eyelets 
and thru-plating on two-sided boards, 
by excellent solder wicking charac- 
teristics and uniform solder deposit. 


Bulletin Number 81 


/ 
/ 
/ 


(A) TERMASHIELD SHIELDED WIRE 
FERRULES . . . assure positive ground- 
ing of wire shield... eliminate solder, 
danger of burning insulation and un- 
certain attachment... feature one 
piece construction . accommodate 
one Or more grounding wires 


(B) TERMASHIELD SHIELDED WIRE 
SPLICES join sections of shielded wire 
so that both the inner conductors and 
outer shields are firmly spliced, with 
the two effectively insulated. They 
eliminate multi-stage assembly | or 
soldering... color coded for match 
mating with application tooling and 
wire sizes 


(C) TERMASHIELD 7MM SHIELDED 
CABLE FERRULES permanently 
ground shielded high tension cables 
.. prevent wire damage during attach 
ment... won't loosen or vibrate to 
cause poor ground or rf noise re 
move danger of sparking offer easy 
four-step attachment .. . seat precisely 
into applicable joints. 


Bulletin Number 24 
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(A) STRATO-THERM TERMINALS AND 
SPLICES . . . for high temperature and 
heat resistant requirements . . . accom- 
modate a wide range of wire sizes either 
solid or stranded or both... with or 
without fully circumferential wire in- 
sulation support as desired. 


(B) CERTI-SEAL MOISTURE PROOF 
WINDOW SPLICES . . . seal out vapors 
and fluids even at altitude to assure 
dry splice... accommodate over 100 
insulation thicknesses . . . resist heavy 
vibration and shock. 


(C) OTHER A-MP TERMINALS AND 
SPLICES . . . designed for the most 
diverse circuitry requirements . . . strin- 
gently tested for corrosion resistance, 
vibration resistance, conductivity and 
long life... ideal for all types of elec- 
tronic equipment. 
Bulletin Number 37 


/ A-MP products and engineering assistance are available through wholly- 
owned subsidiaries in: Canada @ England @ France @ Holland @ Japan 








New tubeless 0.1x% a-c line regula- 
tors give up to 5kva out. High output 
and fast response result from a unique 
combination of semi-conductor and 
magnetic amplifier principles in the 
new Sorensen Model R3010 and R5010 
a-c line regulators. Model R5010 (left) 
puts out up to 5kva and Model R3010, 
3kva. Provision for remote sensing al- 
lows you to hold regulation accuracy at 
the load despite length of output leads, 
and, with an external transformer, 
permits regulation of any a-c voltage. 
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Broadest line of a-c regulators. a 
complete line of electronic a-c regulat- 
ing equipment, supplying powers as 
high as 15kva, is manufactured by 
Sorenson. Single phase and 3 phase, 
50, 60, 400 cps, 115 and 230 vac mod- 
els are available. Good example of 
these is the 10kva Model 10000S sup- 
ply (left). Others: Precision a-c regula- 
tors (+0.01%) for labs or meter cali- 
bration; and fast-response low-distor- 
tion a-c regulators where line transients 
must be reduced to a minimum. 





























... and rugged, economical MVR’s. 
Low cost, low distortion, long life and 
a broad selection of models are out- 
standing features of Sorensen MVR's 
(Magnetic Voltage Regulators). Capac- 
ities range from 30 to 2000 va. Regu- 
lation is on the order of +0.5%. Both 
harmonic-filtered and unfiltered mod- 
els are available with 115vac out. Mod- 
els for 6.3 and 12.6 out, unfiltered, 
also available. 
































Sorensen makes a complete line of packaged power equipment~—including 
regulated d-c supplies, inverters, converters and frequency changers. Despite the 
breadth of the standard Sorensen line, our engineers are always ready to discuss 
your specialized power requirements up to complete power systems for complex 
computers or other critical equipment. Write for complete data. 8.43 


SORENSEN & COMPANY, INC. 


Richards Avenue, South Norwalk, Connecticut 


WIDEST LINE OF CONTROLLED-POWER 
EQUIPMENT FOR RESEARCH AND INDUSTRY 


IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA. 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City. 
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Men in Industry 








Don R. Proctor has been promoted 
chief engineer of the Electronic En- 
gineering Company of California. Mr. 
Proctor will replace Lb. S. Preston, 
formerly chief engineer, who has re- 
signed to take a position with Space 
Technology Laboratories. 


Roy C. Ritchart has been appointed as- 
sistant chief engineer of Stromberg- 
Carlson-San Diego, a division of Gen- 
eral Dynamics Corporation. During his 
association with Stromberg-Carlson, 
Mr. Ritchart has been an engineering 
design section head directing activities 
for the design, development and manu- 
facture of readout and display equip- 
ment. 


Appointment of Robert Duff Clark as 
chief engineer for Clary Dynamics has 
been announced by the Clary Corpora- 
tion Division which designs and manu- 
factures components for missiles and 
aircraft. Prior to joining Clary Dy- 
namics, Mr. Clark was a missile design 
specialist at Convair. 


Albert S. Takacs has been promoted to 
the newly created post of engineering 
manager by Vitramon, Inc., manufac- 
turers of porcelain capacitors in Bridge- 
port, Conn. Mr. Takacs, who came to 
Vitramon in 1954 from Manning, Max- 
well and Moore. will direct the firm’s 
rapidly expanding product develop 
ment program as well as the laboratory, 
ceramic and_ electrical engineering 


staffs. 


Richard M. Hultberg has been ap- 
pointed manager of the Electronic Prod- 
ucts Division of Kellogg Switchboard 
and Supply Co., Chicago. Mr. Hultberg 
succeeds Ben E. Swanson, elevated to di- 
rector of the new Systems Engineering 
organization. Mr. Hultberg was em- 


ployed by Kellogg in July 1950 as a 
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Y% HP Heavy 
Duty Rovter 


#63 Heavy Duty 
Portable Saw 


Heavy Duty 
Automatic Polisher 


7” Standord Sander 


Feather Edger 


5” Portable Grinder 


help give BLACK & DECKER 
INDUSTRIAL TOOLS 
power, long life, 


maintenance-free service 


For more than forty years Black & Decker electric tools have 
been recognized by users as the most dependable and adequate 
tools of their kind. This reputation has been earned through 
rigid quality control, intensive research, testing and design 
engineering. To help make these tools first in performance and 
quality the world over, Black & Decker specify 

USG motor brushes. (Some of the industrial electric tool 


applications are pictured here.) 


United States Graphite Company (USG) brushes are giving 
excellent service not only in Black & Decker products, but also 
in hundreds of installations, large and small, throughout 
industry. Because the brushes in any electric powered unit are 
so vital to the long life, power and maintenance-free 

service of that unit, it pays to specify USG brushes 

of carbon, carbon-graphite, electro-graphite, graphite, 


metal graphite or silver graphite. 


Write for catalog B-56 and the USG 
grade list. Most of the information 
necessary to design engineers is con- 
tained in these two books. 


THE UNITED STATES GRAPHITE COMPANY 
DIVISION OF THE WICKES CORPORATION, SAGINAW 8 MICHIGAN 
GRAPHITAR® carBon-craHite © GRAMIX® powoeReo ETAL PARTS @MEXICAN® crapuite prooucts © USG® sausnes 
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CONVERTS LINEAR SOLENOID THRUST 
INTO ROTARY TORQUE 


A ROTARY SOLENOID 


MODEL R133 NOMOGRAPH 
FOR DETERMINING MINIMUM AVERAGE TORQUE 


10% TY 
Cc 


4.0 
3.0 


TORQUE 
LB.- IN. 


AT 
20°C 


DEGREES ROTARY STROKE 

‘OTE: The output torque curve may be varied providing the 
area under the desired torque curve, when superposed on above 
nomograph, does not exceed the area under its minimum average 
torque rectangle. This torque rectangle is formed by perpendicular 
lines to torque and stroke axes from junction of degrees stroke line 
and duty cycle curve. EXAMPLE: 30° rotary stroke at 50% duty 
cycle produces a minimum average torque of 1.9 Ib.-in. 


FEATURES 


NO AXIAL MOVEMENT OF OUTPUT SHAFT 
THRUST BALL BEARING PROVIDES NEGLIGIBLE SIDE LOAD EFFECTS 


EXTREME LONG LIFE ASSURED WITH HARDENED TOOL STEEL 
MOTION CONVERTER 


AVAILABLE WITH HIGH STARTING, HIGH ENDING OR RELATIVELY 
UNIFORM TORQUE 


15° to 60° ROTARY STROKES AVAILABLE 
PRECISION MACHINED THROUGHOUT 


DESIGNED TO MEET STRINGENT MILITARY AND AIRCRAFT REQUIRE- 
MENTS 


Further details from: 


ROLENOID, INC. 
P. O. Box 1124 


Culver City, California 
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project engineer and — subsequently 
served as supervisor of military elec- 
tronic equipment, supervisor of the 
military projects section, and manager 
of the electronic engineering depart- 
ment. 


Dr. Arthur Uhlir, Jr., has been ap- 
pointed director of semiconductor re- 
search and development of Microwave 
Associates, Inc., Burlington, Mass. 
Until recently, Dr. Uhlir was closely 
associated with the group that devel- 
oped the microwave varactor at the 
Bell Telephone Laboratories. 


Milton Rosenberg has been named 
director, Advanced Development, at 
Telemeter Magnetics, Inc., Los Angeles. 
Mr. Rosenberg has made substantial 
contributions to the computer art in- 
cluding work toward development of 
ENIAC, the first practical electronic 
computer, in 1946 at the University of 
Pennsylvania. 


Lambert Engineering Company. St. 
Louis. announces the addition of engi- 
neering and sales personnel to meet the 
company’s bro idening scope of explora- 
tion and expanded plant facilities. James 
T. Thorp, Jr. has been engaged as chief 
engineer. Mr. Thorp’s background in- 
cludes 17 vears’ experience in arma- 
ment. mechanical and pyrotechnic prod- 
ucts with some of the nation’s leading 
armament development companies. As- 
sociated with Mr. Thorp will be other 
engineering personnel including Jack P. 
Olevitch, chief structures engineer, and 
C. Howard Bischoff, engineering admin- 
istrator. 


Eleo Corporation, Philadelphia, has 
appointed H. E. Ruehlemann as vice 
president in charge of Engineering, Re- 
search and Development. Mr. Ruehle- 
mann, who has been with Elceo Corpora- 
tion for three years, was brought to 
this country by the U. S. Navy from 
Germany ten years ago to work on the 
design and development; of VT electric 
fuses and related items for guided mis- 
siles and other projectiles. After six 
years with the U. S. Naval Ordnance 
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Metallurgical Memo from General Electric: 


Why permanent magnets are only temporary 


Magnetic Materials Section reports on a continuing 
search for better permanent magnets 
... and on what this means to your new product designs 


Permanent magnets are getting better. In fact, since 
the introduction of Alnico magnets by General 
Electric in 1934, there has been a constant flow of 
stronger, more efficient G-E magnetic materials. 

General Electric developed directional grained 
magnets to provide higher energy potential. Then, 
by sintering Alnico V and Alnico VII, General 
Electric was able to create magnets with better flux 
distribution and vastly improved tensile strength. 


P-series alloys, with consistently uniform flux for 


use in hysteresis motors, marked another step for- 
ward. And these are just part of the important ad- 
vances that have come from General Electric in the 
past 25 years. 

Watch General Electric for even more advanced 
magnetic materials that will soon give you a freer 
hand in bold new product design. If you would like 
the design assistance of a G-E engineer, write: 
Magnetic Materials Section, General Electric Com- 
pany, 7804 N. Neff Blvd., Edmore, Michigan. 


MAGNETIC MATERIALS SECTION 


GENERAL @@ ELECTRIC 


CARBOLOY ® CEMENTED CARBIDES e MAN-MADE DIAMONDS e MAGNETIC MATERIALS e@ THERMISTORS e THYRITE e VACUUM-MELTED ALLOYS 
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Laboratories, he left government service 
and entered private industry. 


Rudolf W. Selbmann has been ap- 
pointed chief engineer of Blonder- 
Tongue Electronics, subsidiary of 
Blonder-Tongue Laboratories. Mr. Selb- 
mann has full responsibility for the re- 
search, development and engineering 
of the company’s products, which in- 
clude high fidelity systems, industrial 
TV systems, home TV accessories, VHF 
and UHF converters, and master TV 
antenna systems. 


Dr. P. N. Hambleton has been named 
tube research and development head 
for CBS-Hytron, Danvers, Mass. Prior 
to joining CBS-Hytron, he was asso- 
ciated with Sylvania Electric Products 
and Philco Corp., and served as super- 
visor of Superior Tube Co.’s electronics 
laboratory. 


Auerbach Electronics Corporation, 
Narberth, Pa., announces the addition 
of Richard T. Norwood to its staff. An 
authority in the application of mechan- 
ical engineering principles to the fab- 
rication and packaging of electronic 
components and equipment, Mr. Nor- 


wood will direct the company’s efforts 
in this area. Mr. Nerwood’s last position 
was that of chief mechanical engineer 
of The Magnavox Company. Prior to 
that he was responsible for mechanical 
engineering development and _ fabrica- 
tion of numerous air defense systems 
of the Burroughs Corporations. 


The appointment of Albert E. Beckers 
as director of engineering for Tube 
Operations at Allen B. DuMont Labora- 
tories, Inc., has been announced. 
Kenneth A. Hoagland, previously direc- 
tor of engineering for Tube Operations, 
has been appointed director of Color 
Tube Research and Development. 


Creation of a new executive post and 
two top engineering promotions are an- 
nounced by Tamar Electronics, Inc., 
Los Angeles, Calif. John $. Overholser, 
Tamar’s chief engineer, is named direc- 
tor of Research Engineering; Kenneth 
E. Wilcox, assistant chief engineer, is 
appointed chief engineer; and Rex C. 
Bean, chief microwave engineer, is pro- 
moted to assistant chief engineer. 


Promotions in management have been 
announced for the Ivanhoe and Ashta- 


bula Divisions of the Reliance Electric 
and Engineering Company. At the 
Ivanhoe division in Cleveland, Jonathan 
L. Collens becomes division manager and 
Frank R. Terrant manager of engineer- 
ing. In Ashtabula, Ralph G. Davis be- 
comes division manager. 


Searle G. Nevius has been named 
senior electronics engineer of the Leach 
Corp., Los Angeles, Calif. Mr. Nevius 
has been responsible for the develop- 
ment of a wide range of conventional 
and solid-state electronic devices, in- 
cluding a beam-switching cathode ray 
tube, angular analog-to-digital converter 
systems, and time delay and _ pro- 
grammer units. 


T. Courtenay Wakefield has been ap- 
pointed chief of systems design for the 
Electronics Division, Curtiss-Wright 
Corporation, Carlstadt, N. J. Also at the 
Carlstadt plant, Edward Bachor has been 
appointed assistant chief engineer of 
the Electronics Division. 


Technology Instrument Corporation 
of California announces the appoint- 
ment of Ray Destabelle to the post of 
chief engineer, Transducer Division, at 
the TIC Santa Monica plant. 





ELECTRICAL PORCELAIN 


MADE BY DRY PROCESS METHOD 


To your 
blueprints 
and 
specifications 


New Jersey 
PORCELAIN 


COMPAN Y 


New York Ave. and Plum St., 
P.O. Box 908, Trenton 5, N.J. 
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Transformers, Saturable 
Reactors, Chokes, Special 
Windings and Electronic 
Devices. Milliwatts to 50 
KVA, single or polyphase in 
all frequencies. 


Complete design and engi- 
neering service. All modern 
techniques, encapsulation, 
casting, military and 
commercial construction. 


And, we’ve got one asset 
you'll find especially helpful: 
WE TRY HARDER! 


Write for Bulletin 53D 


ELECTRAN MFG. CO. 


1901 CLYBOURN AVENUE -« 


CHICAGO 14, ILLINOIS 
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This new Square D roller-plunger plug-in limit switch 
is built for rugged machine tool applications—de- 
signed for cam-type operation and not restricted to 
direct, in-line approach of the actuator. Uses same 
field-proven precision switch mechanism as roller- 
arm type for long reliable operation. Moreover, it 
provides these important features: 

Micrometer adjustment for fine adjustment of the 
roller after the switch has been mounted and wired. 


14” movement of the roller plunger eliminates expen- 
sive cam shimming and adjustment. 


Operating direction can be changed 90° for added 
flexibility. Roller plunger can be set either parallel 
or perpendicular to the base. No tools required. 


Cam-type operation is possible because of the con- 
struction of the plunger assembly. 


PLUG-IN 


R@LLER 


LIMIT SWITCH 


wo Cyolusive 


MICROMETER 
ADJUSTME 


Oil-tight construction for all machine tool applica- 
tions. 


Plug-in construction - Switch plugs in—in seconds. 


Easy wiring because all wiring can be done without 
removing from box. 


Reversible plug-in unit can be positioned with roller 
plunger at either top or bottom. 


Write for Bulletin 9007 AW. Address Square D Company, 
4001 North Richards Street, Milwaukee 12, Wisconsin 


EC&aM HEAVY INDUSTRY ELECTRICAL EQUIPMENT. ..NOW A PART OF THE SQUARE D LINE 


SQUARE] 


COMPANY 
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for UNIQUE, LOW- 


Sturdy little Stackpole Slide Switches provide 
almost any desired switching arrangement at 
rock-bottom cost. 

Features include %-, 1- and 3-ampere, 125 
volt ratings in U.L. Inspected types; 1- to 4- 
pole types with up to 4 positions; momentary 
or maintained contact designs; lug, printed wir- 


ing or solderless-wrap terminals; and many spe- 
cial types such as plunger-operated, spring- 
return, 4-gang, and many more. 

Complete details are in Stackpole Bulletin 
RC-11D. Send for your copy to: Electronic 
Components Div., STACKPOLE CARBON COMPANY, 
St. Marys, Pa. 


17 BASIC TYPES. ..the most complete line 


DP-DT, 3 ampere 


DP-DT, 0.5 amp, 


Type $S-33 Spring-return Type S$-5 


SP-DT, 3 ampere 
Type $S-26-1 


SP-DT, 3 amp, 


Spring-return Type SS-9 Type $S-31 


DP-DT, 0.5 ampere 


Spring-return Type $S-27 Type $5-50 


Coldite 70+4-® fixed composition resistors @ 


Variable composition resistors . 


Brushes for all rotating electrical equipment e 


3-Position, 3 ampere 


i 


Snap and Slide Switches @ 
Ceramagnet® ceramic magnets e 


SP-DT, 4-gang 
Type $S-21 


4-Position 
Type $S-18 


SP-ST, Pushbutton 
Type $S-15 


SP-DT, 1 ampere 
Type $S-32 


3-Position, 0.5 ampere 
Type SS-16 


3 Pole-Double Throw 
Type $S-8 
4 ad 


GAe 
GS 


c 


Ceramag® ferromagnetic cores 
Fixed composition capacitors 
Electrical contacts @® Hundreds of related 


carbon graphite and metal powder products. 
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COST SWITCHING 
ARRANGEMENTS 


... for radio and television receivers, audio equipment, 


instruments, toys, motorized appliances...anda 
host of other electrical and electronic uses. 


8 New Knob Colors eet Le 9 


« « « A Modern Touch in Slide Switches 


~ 


Pacing trends in modern decorative styl- 


ing, the molded plastic knobs of Stack- 


pole Slide Switches are now available in OYSTER-GRAY 

a variety of attractive colors. Priced > / 
~~ f 
aie 


scarcely higher than types with black 


knobs, the new switches are designed to 
harmonize or lend greater visibility and GRAY-BLUE 


emphasis to important switch functions. 


TOPS FOR PRINTED CIRCUITS—AlIl Stackpole Slide Switches can & 
be supplied with special gold-coated terminals for quick assembly BROWN ‘ f 
—F 


in modern dip-soldered printed circuit chassis. 


TERMINALS SHIELDS—Snap-on, fibre-insulated shields are avail- 
able for most Stackpole switches when necessary to meet U. L. 
requirements or to shield audio circuits against stray a-c fields. 


STACKPOLE 


ee ee 
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produces complete systems 
as well as components 


error signal 





The Preac, a high sensi- 
tivity magnetic amplifier 
accepts an error signal 
and passes it on, after 
amplification, toa... 











Ferrac, a single stage 
push-pull amplifier with 
exceptional stability and 
linearity. The Ferrac 
drivesan... 











Airpax Power Amplifier 
having an output de- 
signed to control both 
phases of a two phase 
motor. 





All units are hermetically sealed and meet or exceed pertinent 
military specifications for temperature, shock and vibration. 


Completely encased system 
or individual components 


THE AIRPAX PRODUCTS COMPANY 
SEMINOLE DIVISION, FORT LAUDERDALE, FLORIDA 
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Company Briefs 





The Kearfott Company, Inc., a sub- 
sidiary of General Precision Equipment 
Corporation, has announced the creation 
of its Components Division, an autono- 
mous operation devoted to the manu- 
facture of servo system components. 
The new division was established to 
bring together under one head the en- 
gineering, sales and service personnel 
and the laboratory and manufacturing 
facilities best suited for this product 
line. The division has been tailored to 
provide the flexibility necessary for 
producing the components in prototype 
quantity or production runs and the 
specialized attention for rapid transi- 
tion from laboratory models to large 
production. 


Hoover Ball and Bearing Co., Ann 
Arbor, Mich., has announced that nego- 
tiations have been completed for the 
acquisition of two ball manufacturing 
companies. Purchase of Strom Steel Ball 
Co. of Erwin, Tenn., has been consum- 
mated and negotiations completed to 
acquire Coolidge Corp. of Middletown, 
Ohio. 


The L. C. Miller Company of Los An- 
geles, California, has entered into the 
design and manufacture of vibration 
exciter systems. The newly formed 
Electrodynamic Division of the company 
will shortly market a horizontal, air- 
supported shake table which was pri- 
marily developed for the improvement 
of missile performance and reliability. 
The product is being manufactured un- 
der an exclusive license from Interna- 
tional Electronics Research Corporation 
of Burbank, California. 


Construction of an additional manu- 
facturing plant at its Elizabeth, N. J. 
site has been announced by The Thomas 
& Betts Co., manufacturers of electrical 
fittings and connectors. The new build- 
ing will have two stories and 92,000 sq 
ft of floor area. It will be the largest of 
T&B’s buildings. When completed, it 
will bring the company’s manufactur- 
ing. warehousing and office area to a 
total of eight acres, 


What is claimed to be the world’s 
most modern and best-equipped plant 
for the manufacture of instrument pre- 
cision ball bearings has been opened 
by The Barden Corporation in Danbury, 
Conn. The $2,500,000 aluminum and 
concrete facility contains 125,000 sq ft 
of floor space. In addition to the manu- 
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STOP 


the EYELET 
HUNT 


Simplity design 
S cea Production 
ave money 


You can save many expensive engineering hours 

because designers no longer need to plow through 
thousands of eyelet specifications. Over 20 years’ 

experience has shown that a very high percentage 
of all eyelet work can be done with the 7 United 

Standard diameters. 


ry 


DIAMETER OF BARREL 
ver oe 
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*The diameter given indicates the size hole «ef aad * | 
tor the eyelet 


These eyelet numbers are descriptive For 
example 
in SE-611 the SE means Standardized 
Eyelet 
Yhe first number (6) indicates Barret 
Orameter (6/32") 
the number of numbers which tollow 
indicate Barrel Length (11/32") 


£25 88 gf 
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Only 7 sets of tools for all 65S sizes 
All eyelets in each column set by 


same tools. 





Only SEVEN sets of tools needed for all 65 sizes! 
This means that tooling is reduced as much as 90%. 
With United’s closely co-ordinated system of Stand- 
ardized Eyelets and Eyeleting machines, eyelet grip 
can be increased as much as 1000% (for instance, 
from .093” to .437”) without a single change in drill, 
punch, or setting tool. Result: greatly reduced in- 
stalled costs and true fastener economy. 

Purchasing problems are eliminated. United Stand- 
ardized Eyelets are carried in stock at key points: 
United’s Shelton Eyelet Division plant near New 
York and branch offices in Chicago and Los Angeles. 
Low eyelet costs for you are ensured by United’s 
constant high volume production on a relatively 
small number of sizes. 

Inventory is greatly simplified. Fewer sizes do more 
jobs. Actual experience of thousands of users for over 
two decades has shown that United Standardized 
Eyelets and co-ordinated Eyeleting machines can 


reduce the number of eyelet sizes carried in stock 
an average of 66°3%. 

Precision made in standard increments of 1/32” in 
both barrel O.D. and length, each one of the 65 
United Standardized Eyelet sizes has a standard re- 
lationship in dimension and proportion to every other 
eyelet in the series. They are designed to save you 
money. Start to-day to enjoy the advantages of 
United’s Standardized Eyelets. Write or call us for 
complete information. 

New Eyelet Cataiog Complete specifications of all 
phases of United's co-ordinated system of eyelets, eyelet- 
ing machines, setting tools. Also includes data on special 
eyelets and metal stampings. 

ca 


SHOE MACHINERY CORPORATION 
BOSTON 7, MASSACHUSETTS 


Branches: ATLANTA, GA. * CHICAGO, ILL. * CINCINNATI, CLEVELAND and COLUMBUS, OHIO * DALLAS, TEXAS * HARRISBURG, PA. * JOHNSON CITY, N.Y. * LOS ANGELES, 


CALIF. * LYNCHBURG, VA. * MILWAUKEE, WISC. * NASHVILLE, TENN. * NEW YORK, N. Y. * PHILADELPHIA, PA. * ROCHESTER, N. Y, * ST. LOUIS, MO 
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lacturing area, it contains a cafeteria, 
fully equipped dispensary and clinic, 


and other employee services. 


Analogue Controls, Inc., of Mineola, 
N. Y., manufacturers of automatic con- 
trol systems and automatic control com- 
ponents, will move in January to large: 
quarters at 200 Frank Road, Hicksville, 
New York. The company has appointed 
as its advertising agent the Long Island 
Advertising Roslyn, New 


York. 


Company, 


Schmit Engineering Co., Palo Alto, 
California, until recently a sole pro- 
prietorship, has been incorporated. 
Peter M. Schmit has been elected chair- 
man of the board in addition to his 
duties as president and general manager 
of the firm. The company’s main prod- 
ucts are automatic machines used as 
aids for the 
equipment. 


assembly of electronic 


Spectracoat, Inc., a new manufactur- 
ing and research organization specializ- 
ing in a new science known as “thin 
film optics,” has been formed. Initial 
accent of the new company, headquar- 
tered in Belmont, Calif., will be on in- 
dustrial and military jobs made possible 
through harnessing invisible infrared 
(heat) radiations. 


valuable 
information 
on molded 


‘% 


A new company, Cushman Precision 
Industries, Princeton, N. J., will spe- 
cialize in the design, test and produc- 
electro- 
components for 
electronic 


tion of precision miniature 
mechanical 
the aircraft, 


industries. 


rotating 
missile and 


A new plant, located in South Chi- 
cago and operated by the Johns-Manville 
Dutch Brand Division, is one of the proj- 
ects of a quarter billion dollar J-M 
growth program started soon after 
World War Il. It increases by more 
than 50 per cent the J-M Dutch Brand 
Division capacity for production of 
pressure-sensitive tapes, adhesives and 


related rubber products. 


G-V Controls, Inc., manufacturers of 
time delay relays, electrical thermo- 
stats, and other components for the elec- 
tronic and aircraft industry, has moved 
from East Orange, N. J. to a new 36,000 
sq ft plant in Livingston, N. J. The 
plant, with both office and manufactur- 
ing areas completely air conditioned, 
permits G-V for the first time to have 
all its research and development, manu- 
facturing. engineering, and administra- 


tive activities in one building. 


Metals G Controls Corporation has 


moved all Klixon Thermostat produc- 


tion, engineering, and sales tor com- 
mercial applications to the firm’s 
Versailles Products Division, Versailles, 
Kentucky. Klixon thermostats used in 
air conditioners, refrigerators, washers, 
dryers, electric fry pans, and similar 
large-volume applications will be manu- 
factured in the Versailles plant. Pro- 
duction of Klixon precision thermostats 
used in aircraft, guided missiles, and 
electronic equipment will continue at 
the Attleboro, Mass. plant. 


Astron Corporation, manufacturer of 
capacitors and RF filters, has purchased 
all capital stock of Minitronics Corpora- 
tion, New York, manufacturer of solid 
tantalum capacitors. All production fa- 
cilities of Minitronics Corporation will 
be moved to Astron’s East Newark, 
N. J. headquarters, and will be in- 
tegrated with the company’s other ac- 
tivities. Matthew Katz, executive vice 
president and chief engineer of Mini- 
tronics, will join Astron Corporation as 
head of the tantalum operation. 


Howard Industries, Inc., Racine, Wis- 
consin, has purchased a complete line 
of precision-type motors from the 
McGraw-Edison Company. The sale in- 
cludes the complete line of motors, 
tools, jigs, dies, fixtures, engineering 
and inventory. Price was not disclosed. 


electro- 
magnetic 


explosion-proof 


>] hy omg -j, 7-1 ,.¢ 


for hazardous locations 
(Underwriters Laboratories Approved Class II, groups E*, F*, G*) 


STYLES UH-50 — UH-70 — EXG-70 


ua 





Know how to specify rubber 
accurately? This Paeco bro 
chure — plus other free ref 
erence material — will give 
you most of the answers. If 
rubber is part of your de 
sign, this brochure belongs 
in your files. No charge to 
designers and engineers 


PAECO 


213 WEST LAKE ST., 


a 
t 
e 
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MOLDED any 
PVPOER amen, 


ed ~~ ‘I 


NEW Max. Torque Ranges 
— 1% to 75 Ib ft — 
17 Sizes 


Rugged, Cast Construction 
Field-Proved Reliability 


Floor, or NEMA “C” 
Motor Flange Mountings 


Exclusive “Visi-Indicator” 


E — dusts, including aluminum, magnesium. and their alloys 
F — atmospheres containing carbon black. coal, or coke dust 
G — atmospheres containing flour, starch. and grain dust 


xT coer 


ree 


RUBBER CO. 


RAVENNA, OHIO 


Request Bulletins 2902E, 3002E, 3602E 
G@  _ SHatns, ELECTRIC CORPORATION 


120 NORTH BROADWAY 
MILWAUKEE 2, WISCONSIN 
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Truarc Rings Eliminate Parts and Machining, 


Speed Assembly, Reduce Manufacturing Costs 


Ring eliminates nut and threading, saves $365/M 


Sanborn Co., Waltham, Mass., 
uses a Waldes Truarc Series 
5555 Grip ring* to secure the 
idler gear assembly of its port- 
able electrocardiograph. The 
ring assures faultless gear per- 
formance necessary for diag- 
nostic accuracy, eliminates a 
nut and threading operation 
for savings of $365 per 1000 
units. 


2 standard rings replace 
4 special parts, save $170/M 

Sanymetal Products Co., Inc., Cleveland, 
O., uses a Series 5005 Self-locking ring 
and a Series 5103 Crescent® ring* to 
hold the escutcheon plate and handle of 
this doorlatch for toilet compartments. 
The two standard rings replace four ex- 
pensive chrome-plated brass parts for 
savings of $170 per 1000 units. 


Whatever you make, there’s a Waldes Truarc Ring designed 
to save you material, machining and labor costs, and to 
improve the functioning of your product. 

In Truarc, you get: 


Statistically Controlled Quality from raw materials to the 
finished product. Every step in manufacture watched and 
checked in Waldes’ own modern plant. 


Complete Selection: 36 functionally different types. As 
many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes, All types available 


WALDES 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, N.Y. 


Ring saves parts, speeds assembly for savings of $260/M 


Fraser and Johnston Co., 
San Francisco, Calif., uses 
a Series 5555 Grip ring* to 
secure the fan shaft and 
speed assembly of its fur- 
nace blowers. The ring elim- 
inates acollarand set screw 
for savings of $180/M on 
materials, $80/M on assem- 
bly time—a total of $260 
per 1000 units. 


Ring replaces spring and washer; 
speeds assembly 50%, saves $15/M 


Allen-Bradley Co., Milwau- 
kee, Wisc., uses a Series 
5139 Prong-Lock ring* to 
secure the adjustment knob 
of its pneumatic timer. 
Ring eliminates a costly 
coil spring and washer, 
simplifies a tough assem- 
bly operation. Cost saving: 
$15 per 1000 units. Assem- 
bly time saving: 50% 


quickly from leading OEM distributors in 90 stocking points 
throughout the U.S. and Canada. 


Field Engineering Service: More than 30 engineering 
minded factory representatives and 700 field men are at 
your call. 


Design and Engineering Service not only helps you select 
the proper type of ring for your purpose, but also helps you 
use it most efficiently. Send us your blueprints today 

let our Truarc engineers help you solve design, assembly 
and production problems... without obligation. 8.2 


Waldes Kohinoor, Inc., Long Island City 1, N. Y. 


Please send me your new 24-page Catalog No. RR 
10-58 with descriptions and illustrations of the com- 
plete line of Truarc retaining rings, pliers and acces- 
sory tools and 80 typical applications 

please print) 


Name 
Title 
Company 


Business Address 


Consult the Yellow Pages of your Telephone Directory for name of 
Local Truarc Factory Representative and Authorized Distributor. 
Look under ‘‘Retaining Rings’’ or “Rings, Retaining.” 

1958 Waldes Kohinoor, Inc. “Covered by one or more of the following patents: Nos. 2,382,948; 2,491,306; 2,574,034; 2,755,698 
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another ~ 
RADIO RECEPTOR 
semiconductor 
achievement 


3 AMP/n 


with the revolutionary new 


Ir1-AMP 


SELENIUM RECTIFIER 


300% higher current density 


life expectancy of 100,000 hours. 


26 volt cells — lower forward voltage drop. 
no parallel devices for voltage division. 
no series devices for load sharing. 


Not just a variation of standard selenium rectifiers — 
TRI-AMP is a new selenium semiconductor with far 
greater reliability, operating at three times the current 
density of standard stacks. It has the overvoltage and 
overcurrent advantages of selenium, which means there 
is no need for the expensive and elaborate protective 


GENERAL 
INSTRUMENT 


General Instrument Corporation 

also includes Automatic Manufacturing 
Division, F. W. Sickles Division, 
Micamold Electronics Manufacturing 
Corporation (subsidiary) 


THE DIFFERENCE 


New Tri-AMP 
3-phose Bridge 


Dimensions 


AT A GLANCE! 


Standard Type 
3-phose Bridge 


Dimensions 





Amp. 





4” x 4” 54 
*Fan Cooled 


4” x4" 
Fan Cooled 











4” x 4” 18 
Convection Cooled 


4” x4" 
Convection Cooled 


Now you'll understand why conventional 
selenium rectifiers are now obsolete! 














devices so necessary when using other semiconductors. 

Our Radio Receptor plant, working with unique equip- 
ment developed by Siemens of West Germany, is now 
producing TRI-AMP selenium semiconductors for imme- 
diate delivery. Please request full information from 
Section EM-1. 


semiconductor division 
RADIO RECEPTOR COMPANY, INC. 


Subsidiary of General Instrument Corporation 


240 Wythe Avenue, Brooklyn 11, N.Y. 


SEMICONDUCTORS 


GENERAL INSTRUMENT DISTRIBUTORS: Baltimore: D & H Distributing Co. « 
Valley Electronics Supply Co., Burbank « 
Philodelphia: Herbach & Rodeman, Inc. . 


Milwaukee: Radio Parts Co., Inc. 
San Francisco: 


Chicago: Merquip Co. e 


Pacific Wholesale Co. ° 
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Cleveland: Pioneer Electronic Supply e 
New York City: Hudson Radio & Television Corp., Sun Radio & Electronic Co. 
Seattle: Seattle Radio Supply 


ELECTRICAL MANUFACTURING 





los Angeles: 


Tulsa: Oil Capitol Electronics 


THEE REAL TERMINAL LUGS 
AND CRIMPING TOOLS 


SPEED INSTALLATION — REDUCE COSTS! 


SERRATED CRIMP 


FOR GREATER RESISTANCE y 4 ‘ oo 
7 P 4 


TO PULL-OUT 


—_ BARREL-LENGTH 


~~ 


VOID FREE 
CONNECTION 





PNEUMATIC POWER CRIMPING TOOL 


Portable or bench mounted... use it in 
the shop or on the job for top production. 


MONEY SAVER 





SAVE UP TO 15% RETURN THE COUPON TODAY! 


WITH SHERMAN 
H. B. SHERMAN MPG. CO. 


Battle Creek, Michigan 
Show me how | can save up to 15% with your — 


[J tucs ([] CRIMPING TOOL (] BOTH 


Name 


SHERMAN ha SHERMAN iain 
UNI-CRIMP “ST” LUG 
LUG 


Address 





City 


eee a Ol Vem mel i), [em ote mum -F\ii-mets-1-) am lll-| oom oe. Oe 
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Editorial Reprints Available 





As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELecrricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge 

The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 
Inquiry Service Cards beginning on 


page 17. Readers should circle those 

numbers indicating the reprints desired. 

If multiple quantities of these re- 

prints are desired, the rates to govern 

are indicated below. Remittances must 

accompany all orders. Larger quanti- 
ties, special quotation. 
Cost of 

Single Subject Reprints 

Vo. of Number of pages 

Reprints 4-12 16-32 

] Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 

25 7.50 12.50 


) i. 





REPRINTS NOW AVAILABLE 


Research Progress in  Dielectrics— 
1958, January 1959, 10 pages. Re 
view and interpretation of the 
papers and round-table discussions 
at the 1958 Conference on Elec 
trical Insulation (National Academy 
of Sciences - National Research 
Council). The review emphasizes 
research in corona effects on insula 
tion, high temperature insulation 
svstems, radiation effects, and re 
lation of molecular structure to 
properties among other subjects. 

(729) 


Designing Optimum Inductors with 
Ferrite-Biased Gaps, January 1959. 
14 pages. Barium ferrite permanent- 
magnet slabs in place of air gaps 
permit up to 78 per cent volume 
reduction of iron-cored inductors 
carrying asymmetrical currents. An 
alysis and synthesis procedures for 
iron (Audio A) or ceramic (Fer- 
ramic H) cores with ferrite gaps, air 
gaps or no gaps—depending on 
which is optimum for the specific 


case. (701) 


‘echniques of Cooling Electronic 
Equipment—Parts I and II, No- 
vember and December 1958, 18 
pages. This two-part article covers 
both theoretical and practical sides 
of heat removal in electronic equip 
ment. Part I covers cooling theory 
and methods and tec hniques of 
temperature measurements. Types 
of cooling are discussed. Part II 
relates theory to heat removal in 
specific electronic parts and equip- 
ments, also analyzes the practical 
application of various methods of 
cooling, such as forced convection. 
direct liquid coolants, liquid and 
vapor cooling, direct vaporization 
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coolants. Tabular data and graphs 
are included. (712) 


Perforated Storage Media, December 
1958, 9 pages. Survey of primary 
punched tape and card systems: 
early development, current media 
formats and dimensions, compati- 
bility problems, — standardization 
progress, sources of perforated 
record equipment. A_ basic refer- 
ence for engineers designing or in 
tegrating machine systems utilizing 
punched cards or tape for pro- 
gramming or data storage. (705) 


Volt-Ampere Graphical Analysis, De- 
cember 1958, 5 pages. A descrip- 
tion of the use of the volt-ampere 
characteristic of a device combined 
with an electrical interrogation of 
the device and its lead to obtain 
graphical information about the 
operating conditions. Particularly 
valuable when applied to non-linear 
elements, this is an important tool 
for every design engineer. (740) 


Designing with Stainless Steel, De- 
cember 1958, 8 pages. Presented 
are the properties of stainless steel 
important in equipment design. Ap- 
plications of stainless steel, with 
case histories, are illustrated. Ex- 
amples include appliances, instru- 
ments, computers and other elec- 
tronic products. A stainless steel 
selector chart is included. (709) 


Electronic Materials and Components 
for Extreme Environmental Prob- 
lems, November 1958, 24 pages. A 
detailed critical review of the prob- 
lem areas and the state of the art 
of materials and components re- 
quired in the operation of electronic 
systems in supersonic aircraft and 
missiles, nuclear submarines, and 


other military equipment exposed 
to extreme environmental condi 
tions. Ultrahigh temperatures (500 
C and higher) and nuclear radia- 
tion are the most important environ- 
ments discussed. Commercial com- 
ponents are evaluated, research and 
development contracts are sum- 
marized. (719) 


Effects of Temperature on Magnetic 


Properties of Nickel-Iron Alloys, 
November 1958, 5 pages. Normal 
magnetization curves, saturation in 
duction, remanence and coercivity 
measurements at both increasing 
and decreasing temperatures in the 

60 to +250 C range for: Hiper- 
nik V, Hipernik, Deltamax, Mo- 
Permalloy and Hymu 80. (721) 


Special Purpose Flexible Cord, No 
I I 


vember 1958, 4 pages. Properties 
of flexible wire and mble materials 
are tabulated. Special cord designs 
for use in equipment required to op- 
perate in severe environments are 
described and _ illustrated. (735) 


The Space Environment—A Prelimin- 


ary Study, October 1958, 16 pages. 
Analysis of natural environments 
in space (above 75,000 ft) as they 
affect future equipment design. 
Anticipated values are presented 
for atmospheric composition, pres- 
sure, solar radiation, ozone, dis- 
sociated gases, aurorae, ionized 
gases, solid particles, and _ the 
earth’s magnetic field. (710) 


Titanium—Its Properties and Design 


Potentials, October 1958, 12 pages. 
Current and potential structural and 
electronic uses for titanium and its 
alloys in component and equipment 
design are presented. Discussed are 
physical and electrical properties 
of standard and new alloys, with 
fabrication data supported by charts 
and graphs. (711) 


Treating Transfer Functions on Ana- 


log Computers, October 1958, 8 
pages. A description with examples 
of a method of applying the trans- 
fer function of a system to an ana- 
log computer to determine the sys- 
tem output. Applicable to systems 
initially at rest or those with input 
conditions, the method takes advan- 
tage of the symmetry of a transfer 
function expressed in terms of the 
Laplace operator in converting it 
to a mechanical schematic for the 
computer, (728) 


High Voltage Transistor Regulated 


Power Supplies, September 1958, 4 
pages. Design equations and circuit 
analysis for two regulator circuits. 
One uses germanium p-n-p tran- 
sistors and provides 200 volts d-c 
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feed-thru, 
multiple 
insert 


HYFEN’ 


connector 


with crimp-type, 
snap-locked 
contacts 


Makes possible 
the design of 
lighter and more 
compact equip- 
ment. Each insert 
holds 35 contacts. 
Frames available 
for 5 or 8 inserts. 





crimp-type quick-disconnect 


or permanently 


MODULAR soourox: 


terminal block 


E L E CT LS | Cc A a 1 with snap-in, 


spring-loaded 


CONNECTORS se 


True versatility in a 
terminal block. 30 
modules (2 or 4 tier) 


IN3 NEW BASIC TYPES fi oe cet. rme 


screwdriver transforms 
quick-disconnect con- 
tacts to permanent 
connections. 


Modular units by Burndy pro- 
vide versatile, rapid and reli- 
able answers to the problem crimp-type, 
of connecting a multiplicity of solid-shank 
wires in relatively limited . 
spaces. Crimped contacts — STAPIN 
installed with any of several taper pin 
hand, pneumatic, semi-auto- contacts 
matic or automatic tools—can | 
be removed, re-inserted or err 
repjaced, providing the most Burndy contri- 
complete flexibility in the bution to the 
° modular con- 
connector field. Computers, cept of assem- 
ground-based radar, missile bling standard 
P units to pro- 5 
ground controls, and instru- shaae auanaiee 
mentation are typical applica- fitted end 
tions for Burndy modular products. 
connectors. 





For complete information, write: OMATON DIVISION 


7 “iJ oe Pee > ¥ 58-24 


Norwalk, Connect. in Europe: Antwerp, Belgium Toronto, Canada 
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whore PrN 5 Fnlosio 
at Fire ants 


CONDULET* 


Explosion-Proof and Dust-Ignition-Proof 
Electrical Equipment 


With a wide choice of UL-approved items for every Class 
and Group under the National Electrical Code, Crouse-Hinds 
Condulets offer the world’s broadest line of electrical equip- 
ment for hazardous locations. Crouse-Hinds adds an extra 
margin for safety in design, construction, and the minimizing 
of human error in installation, operation and maintenance . . . 
all with an economy of bulk that enables you to make the best 
utilization of precious plant space. 


CALL ON CROUSE-HINDS FIELD ENGINEERS for assistance with 
any problem involving electrical equipment for hazardous areas. 


Breathers ond Droins * C ication Equip t ® Control and Indieating Stations * Fittings 
Fixture Hangers ® Flexible Couplings * Instrument Enclosures * Junctions * Lighting Fixtures 
Motor Storters ond*Circvit Breakers * Panelboords ® Pilot Lights * Plugs and Receptacles 

Process Control Board Components * Seals * Signals, Alarms * Switches * Unions 





* Registered 





CROUSE@HINDS 


MAIN OFTICE AND FACTORY: SYRACUSE, NEW YORK 
Crouse-Hinds Company of Canada, Ltd., Toronto, Ont 
Crouse-Hinds Instrument Company, Inc., Silver Spring. Maryland 
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output at 500 ma, the other uses 
silicon n-p-n transistors for opera- 
tion to 85 C with regulated output 
adjustable from 110-130 volts d-c 
at 600 ma. (703) 


ilicon Power Rectifiers—A Survey, 


September 1958, 12 pages. A com- 
prehensive presentation of what is 
available today in the field of silicon 
power (1 amp and over) rectifiers 
and notes concerning their use in a 
wide variety of applications. A ma- 
jor portion of the article is tables 
giving detail ratings and character- 
istics of the units obtainable from 
sixteen manufacturers. Rating in- 
formation given includes current, 
PIV, temperature, forward voltage 
drop, max reverse current, max 
allowable surge, etc. (717) 


Magnetic Properties of Stainless 


Steels, September 1958, 5 pages. 
Practical tips on selecting a corro- 
sion-resistant steel with particular 
magnetic (or non-magnetic) proper- 
ties for structural and magnetic 
applications. Effects of heat treat- 
ment and/or cold working on mag- 
netic properties of martensitic, 
ferritic and austenitic alloys are 
reviewed. (725) 


Non-Linear Transistor Compensation 


in High-Gain Servo, September 
1958, 4 pages. Mechanical and elec- 
trical design features of a compact 
positioning servo for either thrust 
or rotary service are described. The 
use of diodes for temperature com- 
pensation in the transistor amplifier 
is outlined. (739) 


Ferrites for High-Power R-F Tuning, 


August 1958, 12 pages. The re- 
sults of a program for evaluating 
commercially available ferrites for 
power tuning applications in the 
range from 2.5 to 30 megacycles. 
Included are (1) magnetic per- 
meability and Q as a function of 
frequency, r-f flux and tempera- 
ture; (2) dielectric constant and Qp 
as a function of frequency and elec- 
tric field intensity; and (3) recom- 
mendations for specification data 
to be supplied by ferrite manufac- 
turers. (715) 


Electronic Standards for Industrial 


Equipment, August 1958, 8 pages. 
Internal standards for the electronic 
portions of machine control sys- 
tems, prepared by the Plant En- 
gineering Electronics Committee of 
General Motors Corp., are offered 
for general industry use in conjunc- 
tion with the JIC Standards for 
Industrial Equipment (see Reprint 
724). (722) 

(Continued on page 194) 
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TAKE A FRESH LOOK « the 


way you are fabricating metal parts. Cost-cutting pos- 


sibilities are almost unlimited with these Anaconda 


pre-formed mill products and press products. 


DIE-PRESSED FORGINGS, made of twice-wrought metal, offer 
superior uniformity, denseness, accuracy. Savings: replace more 
costly built-up assemblies—often are less in first cost than sand 
castings—require minimum surface machining to size—simplify 
secondary operations—low er tool cost—lower finishing cost. 


MULTIPLE-PLUNGER AND PROGRESSIVE-TOOL-PRESS PROD- 
ucTS are cutting costs throughout industry—often over 50%. 
Main reasons: The American Brass Company's complete design 
engineering service, long experience, specialized production 
equipment, a big selection of stock tools. Metals: copper, cop- 
per alloys, nickel, iron, steel, stainless steel, or aluminum. 


ERE are four immediate approaches to cutting costs. 

Re-evaluate your designs and fabrication methods with 
these short cuts to finished products in mind. Wherever you 
spot a possible saving, send a sample, drawing, or descrip- 
tion—with the quantity you need, the metal or properties you 
require—and ask for a quotation. Address: The American 
Brass Company, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Limited, New Toronto, Ontario. 5853 
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SPECIAL-SHAPE TUBES can, as in the case of Electrolux, save 
several steps in arriving at a finished part. Brass electric-motor 
brush holder (above) is cut economically from long lengths of 
tube pre-shaped to accommodate both brush and spring. Uniform 
accuracy of all dimensions helps provide good brush stability. 


EXTRUDED SHAPES. Wherever you fabricate from solid rod or 
bar—or castings—consider savings in machining, tooling and scrap 
by use of extruded shapes. Albert A. Weiss & Sons substituted 
two extruded shapes, above, for a sand casting—cut cost of ther- 
mometer case 41%, got an additional 30% saving in assembly 
because of consistently uniform dimensions. 


DIE-PRESSED FORGINGS - SPECIAL-SHAPED TUBES 
EXTRUSIONS - FABRICATED METAL GOODS 


products of 


ANACONDA 


Made by The American Brass Company 
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JOESCH 


BW2 BOBBIN winder 


* improved 
* faster 
* fully automatic 


rugged, versatile, high speed winder for 
bobbins, solenoids, resistors, relays and 
other random-wound coils. 


Write for bulletin BH 2 today! 


bs Tol-t lobo E- bette ba- Ka atba bel-al Olemme Golome BT- boleh) sam Ore) oboe 
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Nom DHMRESISTORS «'RHEOSTATS 
MEET and EXCEED 


d to 
Pestana Specifications 


TRU-OHM is your prime source for 
quality resistors and power rheo- 
stats to meet your most intricate re- 
quirement . . . for civilian or military 
applications. A TRU-OHM represen- 
tative is in your area to serve you. 


Find out why TRU-OHM is Amer- 
ica’s No. 1 Source for Wire- 
wound Resistors and America’s 
Fastest Growing Source for Power 
Rheostats . . . Your inquiry will 
receive immediate attention. 


latest catalog is 
spent: ° General Offices: 


Si ov ailable upon request 9809 y. MILWAUKEE AVE. 


_ 
LRU-OHM PRODUCTS = 1,2, 


Division of Model Engineering & Manufacturing, Inc. HUNTINGTON, INDIANA 
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Dynamic “In-System” Specifications 


for Control Components, August 
1958, 8 pages. The urgent reasons 
why the performance specifications 
for components to be used in con- 
trol systems should include their 
dynamic performance characteris- 
tics and define their in-system be- 
havior and requirements. Examples 
of system characteristics of several 
important types of components are 


included. (723) 


British Magnetic Amplifier Develop- 


ments, July 1958, 8 pages. An anal- 
ysis of basic magnetic-amplifier 
circuits and their practical applica- 
tions. Includes performance data as 
well as physical characteristics on 
such circuits as the Ramey half- 
wave amplifier, full-wave d-c power 
supply, and a bridge full-wave 
auto-self-excited amplifier. (732) 


Mechanical Fasteners for Military 


Electronic Equipment, June 1958, 
16 pages. A comprehensive, fully- 
illustrated guide to the various 
mechanical fasteners that are ap- 
proved for use on military electronic 
equipment. Sources of supply, mili- 
tary references, applicatio.: remarks 
and comparative assembly costs are 


included. (713) 


Combined Analog-Digital Control Sys- 


tems, June 1958, 9 pages. Practical 
sub-circuits for systems requiring 
both the “real-time” characteristics 
of analog computers and _ the 
computational ability of digital 
computers: analog-to-digital and 
digital-to-analog converters; hybrid 
multiplication circuits; sine-function 
generators; the “squaring bridge” 
and the servo divider. 716) 


Design by Test and Analysis Spurs 


Relay Progress, June 1958, 10 
pages. Summary and report on the 
Sixth Annual National Conference 
on Electromagnetic Relays, Okla- 
homa State University. Important 
papers presented relate the develop- 
ment of new relays, test methods 
and equipment. Further efforts by 
the NARM toward standardization 
are described. (718) 


Structural and Electrical Applications 


of Aluminum in Europe, May 1958, 
12 pages. A survey evaluating and 
illustrating European engineering 
experience with aluminum in re- 
search, development and manufac- 
turing of electrically energized 
equipment. The article includes 
specific case histories, advantages 
and disadvantages. of British. 
French and German experiences 
with aluminum and its alloys. Ma- 
terial is based on papers presented 


(Continued on page 197) 
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at a symposium sponsored by the 
British Aluminium Development As- 
sociation in London during May, 
1957. (726) 


Selenium Rectifier Selection and Cir- 
cuit Design, April 1958, 12 pages. A 
guide to selection and circuit ap- 
plication factors for selenium recti- 
fiers, derived from basic circuit 
analysis, for singie-phase halfwave 
and bridge arrangements. (731) 


Crossbar Switch Applications, April 
1958, 12 pages. Circuit details of 
the application of these compact 
three-dimensional contact arrays 
for: 3-coordinate single-point selec- 
tion; stepping-switch scanner con- 
trol; digital-to-analog conversion, 
analog-to-digital conversion; mul- 
tiple indexing and switching func- 
tions. (730) 


Ferroelectrics as Solid-State Devices, 
March 1958, 12 pages. Summary of 
types, properties, mechanisms and 
applications of nonlinear dielectrics 
as: capacitors, transducers, resonant 
and nonresonant amplifiers, ferro- 
electroresonant switches, memory 
devices. (714) 








International Standards for Motor 
Dimensions Set for Final Approval, 
March 1958, 8 pages. Final pro- 
posed I.E.C. motor dimensional 
standards for interchangeability be- 
tween metric and inch systems are 
presented. Problems and compro- 
mises necessary in achieving this 
are described. (708) 


Evaluation and Applications for Fiber- 
Insulated Magnet Wire, February 
1958, 12 pages. Characteristics and 
application areas of various types of 
fiber-insulated, film-insulated and 
composite-type magnet wire. Com- 
mercial identifications given. Stand- 
ards are listed. Comparative ad- 
vantages and disadvantages of 
various types are discussed. Among 
insulating materials analyzed are 
newer materials such as glass fiber, 
Dacron polyester yarn, Nylon yarn, 
Mylar polyester film and Quinterra 
asbestos paper. (707) 


Designing Minimum Weight Mag- 
netic Cores, February 1958, 8 
pages. A_ straightforward proce- 
dure for minimizing the combined 
weight of core, case and coil for a 
given volt-second capacity—can be 
extended to include weight minim- 
ization of power supply and other 
related components. Three exam- 
ples given. (706) 


The Anatomy of Automation, January 
and February 1958, 20 pages. The 
broad general area of “automation” 
is classified into four major sections: 
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Higher Dielectric Retention @ Greater 
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AVAILABLE IN @ Even under the most severe operating con- 
FOLLOWING ditions, Varfil Sleeving and Tubing retains its 
NEMA CLASSES : average dielectric strength. Twist it, tie it, 
CLASS B-A-1 bend it, wrap it, knot it. Remains just as 
7000 Volts Average pliable as when you started. Won't crack, 
CLASS B-B-1 peel or suffer dielectric loss. Heat Varfil 2000 
4000 Volts Average hours at 110° C.—1,000 hours at 125° C.— 
nee 8-6-1 and even for extensive periods at 150° C. It 

—— won't break down. Can be after-treated in 
A baking and varnishing operations. Reacts 






better than other oleoresinous materials and 


Tw synthetic coated tubings. Available in handy 
e coils so you can cut the exact lengths you 
>» need . . . no waste. Standard colors. Wide 

. fange of sizes. Send coupon today for free 
\ sample folder. 


(\CORPORATION EXCEEDS OR MEETS ALL A.S.T.M. SPECIFICATIONS. 
. Makers of Electrical / --—--————-———-——-—-——--—---— 
\Iesulating Tubing / VARFLEX CORPORATION 

Se: eter 504 W. Court Street, Rome, N.Y. 


Please rush free folder containing samples of Varfil Sleeving and Tubing. Also include 
details on electrical tubing or sleeving you suggest using for 
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basic elements; manufacturing (ap- 
plied energy); control (applied in- 
formation); mechanized mental 
operations (applied intelligence). 
Definitions, examples and discus. 
sions of 117 key automation terms 
are organized into 18 sub-classifica- 
tions. (727) 


JIC Electrical Standards for Industrial 
Equipment, June 1957, 24 pages. 
Revised specifications for the applli- 
cation of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 
5—$3.75; 10—$6.00; 25—$12.50; 
50—$20.00; 100—$30.00. Send 
check with order payable to The 
Gage Publishing Company, 1250 
Sixth Ave., New York 20, New 
York. (724) 





Editorial Index to Electrical Manu- 
facturing for 1957, 24 pages. In ad- 


dition to an annotated, subject- 
Love classified index to all the feature 

ORD SETS articles, this booklet provides an 
author index and reproduces the 
MADE BY ENGINEERS FOR ENGINEERS ELECTRICAL MANUFACTURING Func 
tional Subject Classification and Al- 
No “time off’ expected for re Toleye! phabetical Subject Cross Index 
behavior. CORNISH designs (737) 
BLUE CHIP Cord sets to your 
special requirements, produces 
them with a KNOW-HOW that 


nsures trusty service on America s 





finest electrical equipment and Slide Rule Mathematics 
appliances. No charge for con 


sultation. Reprint Available 
Don't take chances... CORNISH ‘em! 





Due to the great interest in 
the two-part article on “Slide 
Rule Mathematics” appearing 
in our March and April issues, 
ELECTRICAL MANUFACTURING 
has reprinted the articles un- 


der one cover, with tear-out 
All Cord Sets available in 


COLOR practice rules included. Avail- 
able in two-color format for 
to match your appliances . : : 
sage / PP : $1. Send remittance with order 
both in Rubber and in Plastic t 
Oo: 


ELECTRICAL MANUFACTURING 
Attention: 

Reader Inquiry Service 
1250 Sixth Avenue 
New York 20, N. Y. 
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Midget Adding Machine 
New Step in 
Miniaturization 


This telephone-size, 7'4-pound adding machine, the 
Add-Mate, is Underwood Corporation’s newest bid 
to reduce size and weight of business machines. 
Easily portable, it can be slipped into a desk drawer 
or under a counter when not needed. Contributing 
to its compactness and lightness is the attractive, 
two-toned housing of CYMAC SUPER* 201 methyl- 
styrene-acrylonitrile copolymer plastic. 


THE COLORFUL TWO-PIECE HOUSING 

is molded of CYMAC SUPER. Shown above, respectively, It is unaffected by the diester permanent lubricant applied 
are the complete unit, the unit minus the top section, and to the mechanical assembly prior to encasement in the 
the inner sides of the top and bottom sections. CYMAC housing. The transparent, serrated tear-plate, also CYMAC 
SUPER was selected because of its toughness, surface SUPER, and the housing are injection-molded for Under- 


hardness, and resistance to heat, staining and denting. wood by Nosco Plasties, Inc., Erie, Pa. *Teienact 








AMERICAN CYANAMID COMPANY —SrYANANM ID = 
PLASTICS AND RESINS DIVISION ede 


33-D Rockefeller Plaza, New York 20, N. Y. 


In Canada: Cyanamid of Canada Limited, Montreal and Toronto 
Offices in: 
Boston * Charlotte * Chicago « Cincinnati * Cleveland + Dallas + Detroit * Los Angeles * Minneapolis » New York * Oakland « Philadelphia » St. Louis + Seattle 
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Special Reprint Service 





Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or re- 
lated subjects are available at the 
nominal prices indicated in each list- 
ing. For ordering convenience, use 
the handy Order Form below. Orders 
must be accompanied by remittance 
or company purchase order. Please 
include 3% City Sales Tax on orders 
for New York City delivery. Make 
checks payable to The Gage Publish- 
ing Company. 

Since handling expenses are a sig- 
nificant cost element in the distribu- 
tion of the reprints, grouping of 


orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices (which include shipping 
charges) per copy apply: 
Quantity 
Title 

Semiconductor Theory 
Boolean Algebra 
Slide Rule Mathematics 
Human Engineering 
Casting Resins 

Prices for larger quantities are avail 
able on request. 





Introduction to Semiconductor Theo- 
ry, January 1959, 24 pages plus 
cover. A detailed discussion of con- 
duction processes in semiconductors 
written for the design engineer and 
presented as a basis for understand- 
ing the physical principles of opera- 
tion of semiconductor components. 
Classes of devices are described 
by simplified mathematical and 
graphical representation of para- 
meters in terms of operating point 


and temperature. Theory of solids 
is presented, followed by a discus- 
sion of the qualitative aspects of 
semiconductors. P-N junction and 
metal-semiconductor contact theory 
is described and the effects of volt- 
age, temperature, and other ex- 
ternal influences are analyzed. Tran- 
sistor theory is then presented in 
terms of the basic conduction proc- 


$1.00 


esses in a p-n junction. 


ORDER FORM 


Please enclose remittance or company purchase order. 


Introduction to Semiconductor Theory ... 


Engineering Applications of Boolean Algebra 


Five-Year Annotated Editorial Index ... 


Slide Rule Mathematics 


Human Engineering in Equipment Design . 


Casting Resins and Application Techniques 


Total Copies 


Total Order 


TO: ELECTRICAL MANUFACTURING, 1250 Sixth Avenue, New York 20, N. Y. 


.. TITLE 


(Add 3% City Sales Tax for New York City delivery.) 


Engineering Applications of Boolean 
Algebra, 68 pages. A design guide 
to the analysis and synthesis of 
switching circuits and logic sys- 
tems—both combinational and se- 
quential—in any medium: mechani- 
cal, electrical, hydraulic, electronic 
or solid state. Includes five pre- 
viously published articles plus a 
never-before-published appendix. 


e Language and Laws of Boolean 
Algebra 
Analyzing Combinational . Cir- 
cuits by Boolean Matrices and 
Karnaugh Maps 
Analyzing Specifications and De- 
signing Circuits 
Circuit Design Using Boolean 
Matrices and System Synthesis 
Using State Coding 
e Designing Sequential Circuits 
plus (available only in this combined 
reprint) 
e Electronic Sequential Circuits 
e Tabular Reduction Techniques 
e Selected Bibliography 
Written by Boris Beizer, Airborne 
Instruments Laboratory, and Ste- 
phen W. Leibholz, Republic Avia- 
tion Corporation. $2.00 


Five-Year Annotated Editorial Index 
to Electrical Manufacturing, 60 
pages. A short-cut to research for 
design engineers. Book lists, by 
functional subject classification and 
with succinct annotations, every 
feature article and major “Design 
Trends” short article published in 
ELECTRICAL MANUFACTURING dur- 
ing the 5-year period from 1951- 


1955. $1.50 


Slide Rule Mathematics, 20 pages, 
plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out. A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a 2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 
plete concise instructions for its 
use. Over 50 two-color illustrated 
examples of step-by-step slide rule 
settings are given. Major topics 
include: 

e The Basic Slide Rule 
e Variations on Basic C-D Opera- 
tion 
Trigonometry 
The Log-Log Scales 
Vector Diagrams 
Hyperbolic Functions 
Phasor Calculations 
The Circular Slide Rule 
Written by Ira Ritow, engineer- 
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high-speed motion analysis 
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Bs: 


photo courtesy Ford Motor Co. ; photo courtesy Convair Astronautics 


Division of General Dynamics Corp. 


Dynafax, the last word in high-speed 
cameras, pushes the limits up to 25,000 
large clear 16-mm photos per second 
for use throughout industry wherever 


man must measure and study motion. 





Providing exposure times down to 1.2 
microseconds and constant-speed-drum 
film transport with simple capping-shut- 
ter sychronization, the Dynafax offers 
many performance refinements. Send 


photo courtesy for details. 
Bethlehem Pacific Coast Steel Corp. 
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4-dimensional photography os sax carios avenue + san cantos 11, 
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teacher-author, whose previously 

published work in ELecrrica. 

MANUFACTURING includes “Capsule 
the 


Calculus” and 5-part series 
“Fundamentals of Servomechanism 


THE NEW ACME 3-PART MIXTURE — 
FOR IMPREGNATING AND MOLDING as He Ge See tea 


published articles dealing with the 
ALL ELECTRICAL WINDINGS theory, techniques and practice of 

human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and _ instru- 
ments. Relationship between human 


Now—an epoxy mixture that comes complete ready to 
mix and use. Nothing else to buy. Yet the cost is less 
than what is usually charged elsewhere for the resin : 
alone! That’s Acme Star Compound #4027. engineering and broad aspects of 
reliability and maintenance are dis 

This remarkable mixture is immediately self-extin- cussed. Certain articles emphasize 
guishing, even after repeated exposures to open flame. design case histories and analyses of 
Cures hard and tough. Has excellent mechanical and ther- specific design parameters, includ- 
mal shock resistance. Viscosity low enough for thorough ing problems in military equipment, 
impregnation at process temperatures. Very good adhe- control systems, data processing 
sion to metals and other materials used in coil construc- systems, special-purpose instrumen- 
tion. For data sheets, address your inquiry attention of tations and training devices. Meth- 
G. F. Garrity, Divisional Sales Manager. ods for setting up human engineer- 
. ing groups within an engineering 

organization are given. $2.50 


THE ACME WIRE COMPANY ao | Casting Resins and Application Tech- 
NEW HAVEN, CONN. ity niques, 52 pages. Eight previously 


MAGNET WIRE « COILS » VARNISHED INSULATIONS SLL published articles dealing with the 





at] 
* UU 


INSULATING VARNISHES AND COMPOUNDS “Corgycw™ embedment, encapsulation, and im- 
eceo5eedenenee eo eceoeeeeueee ee eee pregnation of circuit units and com- 


ponents. Individual articles cover: 
Circle 194 on page 17 Property data 


on casting resins; 
Evaluation tests on resin systems; 
‘ Results of environmental tests on 

PROVED AND PREFERRED: embedded units; Process contro] 
problems. Annotated bibliography 


PARAMOUNT Spiral Wound PAPER TUBES of articles is included. $2.00 








SQUARE, RECTANGULAR, ROUND 


Regular-type PARAMOUNT paper tubes used for ; wees 
millions of coil forms and other applications. 4 SHORTCUT TO 
Hi-Dielectric. Hi-Strength. Kraft, Fish Paper, RESEARCH 
Red Rope, Acetate, or any combination spiral © Siwedrele Of decten ond eearch 
wound on automatic machines. Any size from engineers have provided themselves with 
1%” to 30” long, from .450” to 25” I.P. Produced re Se eae ae ee 
from wide range of stock arbors or specially ELECTRICAL — 
engineered for you. 5 YEAR ANNOTATED 
EDITORIAL INDEX 

The 60-page book lists by functional 

subject classification—with succinct an- 


PARAFORMED—SQUARE OR RECTANGULAR te. -?f—* FF, -. 


major “Design ! short article 
Exclusive Paraforming method of tube making published in Revision Wemtattarion 
; H H uring e 5-year period, lL‘ “1955. / 
without artificial heat or pressure. Makes per- companion booklet lists all 1956 articles. 
fectly flat side walls, square inside corners, and iis - deities Gadeiiilaas: maibiiie 
very small radius on the four outside corners— valuable time-saving reference source, 
and does it all at the time of actual spiral winding. both to recent and earlier literature. 
N h id d t t wi N d fi The indexed articles deal authoritatively 
o sharp outsl ee ges o cul wire. o nee i or with all types of materials, components, 
wedges to tighten wire. Full rigidity and physical ‘ j —— me ae i w hich hav e - 
> i ; ; j | cial application in ne engineering de- 
strength. Permits winding coils to closer toler- sign and development of electrically 
ances. Allows faster automatic stacking of coils. operated products. 
Approved and used by leading manufacturers. The Index is printed on white coated 
No extra cost! paper and is wire-stitched to handy file 


size, 8144” x 11”. 





Per copy price is $1.50 on orders ac- 


companied by remittance (add 3 per 
PA R A Re re ] u a T Write on company cent sales tax for New York City de- 
livery). Please make remittance payable 
letterhead for to The Gage Publishing Company, 1250 
Si Avenue, New York 20, N.Y 
PAPER TUBE CORP. STOCK ARBOR LIST ixth Avenue 
612 LAFAYETTE ST., FORT WAYNE 2, IND. Use the handy Order Form on page 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





HIGH SPEED STATIC SWITCHING (at anne 


Sylvania Electric Products Co. engineers have just re- 
placed an electronic relay, two small mechanical relays, 
a limit switch, and a separate power supply with a single 
CONTROL switching reactor which costs only half as 
much! They did it by taking advantage of the multiple 
windings on a CONTROL switching reactor—equipment 
which, because of its static operation, never wears out. 
Seems a high speed assembly operation on one of Syl- 
vania’s complex, highly automated vacuum tube produc- 
tion machines calls for a magnetic clutch to drive an in- 
dex table. The clutch orients the work part by rotating 
it until current flows through two properly located con- 
tacts. Our CONTROL switching reactors not only cut 
costs in half, but do a job that the relays couldn’t do: pro- 
vide the ultra high speed signal necessary for proper 
switching in the automated assembly. Jt worked so well 
Sylvania said, “I’ll be switched!” We said, “With a 10,000 
to one switching ratio, and ratings of 15, 75, 150 and 300 
VA, most anything for control can be!” 


Versatile, we are too! The same type of CONTROL switching reactors that 
work so well for this high speed switching also are used by Sylvania engineers 
to eliminate production breakdowns caused by relay failures in time delay 
circuits. Many pneumatic time delay relays on their production machines were 
dying young (three months of age or less). CONTROL switching reactors 
(which, naturally, never wear out) not only have no moving parts, but do a 
dandy job with time delay relaying, easily handling 6,000 closures per hour. 
Sylvania happily expects its CONTROL reactors to last twenty years. “Right 
now,” Sylvania says, “we're not too worried about what will happen after 
that.” Need you be any more worried than they? 


LOGIC, MY DEAR WATSON (... is elementary) 


Our educated switching reactors are masters at logic—the kind that gets 
built into automatic control operations. AND, OR, NOT, MEMORY and 
TIME DELAY~=—all are built into these high IQ reactors. By employing 
several isolated control windings, one reactor can translate many inputs 
(from push buttons, limit switches or other reactors, for instance) to any 
logic needed to switch very appreciable loads. And are they easy to use! 
Order standard units right from the catalog. You need no high falutin’ 
systems engineering or auxiliary hardware (single purpose logie units, 
preamplifiers or transformers). No wonder logical people order our logic- 
providing switching reactors. Can we send complete details to you? 


Reliability begins with CONW TT ECOL. 


A DIVISION OF MAGNETICS. 1tNC 


Dept. EM-54, BUTLER, PENNSYLVANIA 
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TWIN LAMP 
ASSEMBLY 
No. 248-6939-1437 


SINGLE LAMP 
HOLDER 


Replaceable No. 7538 


Lamp Cartridges 


In this brochure—complete facts on DIALCO’s 


DATALIMES 


For the Computer-Automation Industries 


DATALITES by DIALCO are ultra-miniature Indicator Lights 
specially designed to meet the critical requirements of 

the computer-automation fields. Made in 2 basic styles: 

Lamp Holders with DIALCO’s own replaceable Lamp Cartridges 
(see above); or integrated DATALITES with Built-in Neon 
Lamps which are not replaceable (see below). Ultra-compact, 
single units mount in 34” clearance hole; the twin-lamp 
assembly mounts in 3/4” clearance hole. 


LAMPS USED: 
T-1% wire-lead 
incandescent lamps, 
or NE-2E neon lamps, 
in aluminum sleeves t 
capped with plastic With HIT 
lenses (7 colors). Rotatablic § 
Lenses 44 


DATALITES 
with i nu 
——_— 


Built-in NE-2E 
Neon Lamps See 


0. 
249-7840-1431 No. 249- "a. -931 


built-in resistor No. 


250-7841-1431 
(Illust. approx. ith 


f wi 
actual size) No. 250-7840-1431 © built-in resistor 


DATALITES have fully insulated terminals and conform to 
all applicable military specifications. Integrated units 
are available with or without built-in resistors. The 
cylindrical lenses can be hot-stamped with digits, letters, 
etc. Complete details in Brochure L-160. Send for it now. 


SAMPLES ON REQUEST—-AT ONCE—NO CHARGE 


most Manutfact 


DIALIGHT 


CORPORATI 
44 STEWART AVE., BROOKLYN 37, N. Y. + Hyacinth 7-7600 
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High-Temperature Capabilities 
of Germanium Transistors 


(Continued from page 151) 





safe operating point to see when failure did occur. This 
transistor operated satisfactorily at a temperature of 
148 C and failed at about 149 C due to runaway. This 
temperature is considerably above the melting point of 
the solder used to fabricate the transistor. The sudden 
failure was due to the regenerative nature of thermal 
runaway. Stabilization can maintain control of the oper- 
ation within bounds up to a critical upper temperature. 
Beyond this temperature thermal runaway very rapidly 
takes over and destroys the transistor. 


Summary. The purpose of these tests was to deter- 
mine that germanium transistors could be operated 
temperatures much higher than is generally realized or 
claimed by the manufacturers. No direct statement as 
to maximum temperatures can be made on the basis 
of the small sample lots used in these tests. Further 
refinements of the circuit could also be made to fit 
specific applications and possibly improve upon these 
temperature limits. These data show that the operation 
of germanium transistors in a temperature range of 
up to 110 C and over for short periods of time is feas- 
ible. O00 
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Designing Optimum Inductors 
with Ferrite-Biased Gaps 


(Continued from page 90) 


Charts 1A, 1C, 2A and 2C also have application func- 
tion curves for air gap cases from 


plotted as solid lines for comparison. 


CONCLUSIONS 
The mathematical relations developed provide a meth- 
od of constructing design charts directly from the mag- 
netic material characteristics. Those charts may then be 
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KEEP UP-TO-DATE ON MAGNETICS 


GUARANTEED TO WITHSTAND 1,000 VOLTS! 


GVB-finished tape wound core boxes drop your production costs 


We have developed a radical new finish for aluminum boxes 
for tape wound cores. Your production department will glow 
with delight, for we guarantee this finish to withstand 1,000 


volts (at 60 cycles) without taping! 


GVB, for Guaranteed Voltage Breakdown (limits), is what 
we call this new finish. It is perfectly matched to our alu 
minum core boxes, for it will withstand temperatures from 
-70°F to 450°F. Potting techniques need not change, fon 
GVB-finish lives happily with standard potting compounds 


By eliminating the need for taping the core box, you 
also eliminate a time consuming production step. By com 
bining GVB-finish with our aluminum core box, we assure 
you a core capable of being vacuum impregnated down to 
20 mm. of mercury 


And they are Performance-Guaranteed! Like all tape 
wound cores from Magnetics, Inc., aluminum-boxed or phe 


nolic-boxed, you buy them with performance guaranteed to 
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published limits. The maximum and minimum limits are fon 
b,,. B,/B,,, H, and gain. This data is published for one, two 


four and six mil Orthonol® and Hy Mu 80 tape cores 


GVB-finished cores are ready for you now. So are the pub- 
lished limits for all Magnetics, Inc. tape wound cores. Writ 
today for more GVB details, and for your copy of the guar 
anteed performance limits: De pt. EM-51, Magnetics, In 


Butler, Pennsylvania. 


MAGIETICS inc. 
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ALL 


BY BO 


Bowmar designs and produces all kinds 
of precision counting and indicating de- 
vices to all specifications for all indi- 
cating applications. A few general types 
offered include heading and azimuth, 
latitude-longitude, decimal and impulse 
counters as well as unlimited special 
designs. Although Bowmar has standard- 
ized dozens of counting devices, all may 
be modified for new requirements. 
Counting configurations, light weights, 
small sizes, high speeds and special 
mounting hardware are among many fac- 
tors which can be varied to accommo- 
date new needs. 


LONGITUDE COUNTER 2216. Pro- 
vides true indication of longitudinal 
position; Input speed: 1000 rpm mox. 
int., 300 rpm cont.; Weight: 6.1 oz.; 
length: 2.87 in. Typical of man 
Bowmoar designs currently being 


manufactured. 





MINIATURE DECIMAL COUNTER 2416 
(with servo type mounting). Counts 
rom 000 to with return to 000. 
Input speed: 1500 rpm mox. int., 
500 rpm cont.; Weight: .5 oz.; 
Length: .685 in. Typical of man 

Bowmar designs currently being 


manutactured. 





SEND NOW FOR DATA PACKAGE NO. 1258, WHICH 


DESCRIBES COUNTING DEVICES 


°* ALL SIZES 


QUANTITIES 


ANGLE COUNTER 1503. Counts from 
000.0° to 359.9° and returnsto 
000.0; Input speed: 1800 rpm max 
int., 500 rpm cont.; Weight: 2.5 oz.; 
O.D.: 1.310 in. Typical of man 
Bowmor designs currently being 
manufactured. 





MINIATURE LATITUDE COUNTER 
2417. Counts from 00°00'N to 
90°00'N or S, with permissible over- 
run of 10°; Input speed: 1 rpm 
mox. int., 500 rpm cont.; Weight: 1.5 
oz.; Length: 1.59 in. Typical of man 
Bowmar designs currently being 


manutactured. 





SPECIAL DECIMAL COUNTER 2660. 
Counts from 000000 to 999950 with 
return to 000000, in 50-unit incre- 
ments. Input speed: 1000 rpm max. 
int., 300 rpm cont.; Weight: 3 oz.; 
Length: 2.33 in. Typical of many 
Bowmoar designs currently being 


manufactured. 
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used for the design (synthesis) of biased inductors with- 
out the usual trial-and-error or “guesstimation” proce- 
dures for the first design. 

The charts provide a direct evaluation of the appli- 
cability of the various ferromagnetic materials. If, for 
example, for a given value of index n,, two materials 
have application function numbers g, which differ by 
a factor of two, the resulting optimum inductors con- 
structed from these materials would have a factor of 
two ratio between their linear dimensions and a ratio 
of eight (two cubed) between their weights and between 
their volumes. To utilize the method fully, the design 
curves should be constructed for all the core materials 
whose use is contemplated, and then direct comparison 
will show the quantitative advantages of each material 
for a given index number specification. 

The theory developed indicates the feasibility of the 
ferrite-gapped inductor for miniaturization of inductive 
devices carrying unsymmetrical currents. Examination 
of Charts 1A, 1C, 2A, and 2C for both core materials 
that, over parts of the ranges, the applica- 
tion functions (g’s) may be 40 per cent smaller for the 
ferrite-gapped inductors than for the air-gapped in- 
ductors. Since the g’s are direct measures of the linear 
dimensions of the inductors, a 78 per cent reduction in 
volume results. 

A secondary use of the method is for a quick size 
estimate to weigh inductor specifications against the 
specifications and size of associated components. 

The method is limited by the quantity and quality of 
the magnetic data available. No complete set of incre- 
mental data has been available from any one steel man- 
ufacturer in recent years nor is the range of variation 
of these data available. O00 


shows 
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This article is a practical extension of the design method outlined 
in the paper “Design of Optimum Inductors Using Magnetically 
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High capacitance for low voltage circuits... 


NEW 
LANTAPAK’ 
CATACILORS 


SPRAGUE'S TANTAPAKS are the newest members 
of the Tantalex* family of tantalum electrolytic capacitors. 


TANTAPAKS have as much as 2400 uf at 10 volts d-c or as little oy SPRAGUE 
é 200 D 





as 140 uf at 75 volts d-c. Five case sizes—ranging from less than 
a cubic inch to a mere 3'2 cubic inches—are identical to Type 


CP-90 paper capacitors. Standard footed and spade-lug brackets 





simplify mounting. All units are dual-voltage rated for operation 


at both 85°C and 125°C under 2000 hour life tests. agi 














The construction of TANTAPAK Type 200D capacitors 
assures excellent shock and vibration resistance. Glass-to-metal 
solder-seal terminals provide positive hermetic sealing. There il 
are no electrolyte leakage problems. SPRAGUE 


SPRAGUE we 
200 0 








Porous tantalum anodes give better leakage and temperature 


coefficient characteristics than foil-type capacitor sections of 














comparable ratings. In addition, the impedance and equivalent 
series resistance of Type 200D are superior to foil units at high a a 
temperatures and frequencies. 


Get complete information by writing for Engineering Bulletin 


No. 3705. Address request to Technical Literature Section, Sprague ® 

Electric Co., 307 Marshall Street, North Adams, Massachusetts. 

*Trademark - ined 
the mark of reliability 


SPRAGUE COMPONENTS: 
CAPACITORS « RESISTORS e« MAGNETIC COMPONENTS ¢ TRANSISTORS « INTERFERENCE FILTERS « PULSE NETWORKS 
HIGH TEMPERATURE MAGNET WIRE ° CERAMIC-BASE PRINTED NETWORKS . PACKAGED COMPONENT ASSEMBLIES 
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Wire up your power supply cords with unbeatable, un- 
breakable PVC Royalok® interlocking caps and connectors. 

Here’s durability, strength, and safety never before 
obtainable with ordinary constructions. PVC Royalok will 
outperform and outlast them all. The one-piece, molded-in 
vinyl body looks right, feels right, works right. There’s no 
troublesome fiber washer on the cap to work loose and fall 
off in handling, in the package, or in use. PVC Royalok 
caps are back-wired . . . a big plus in safety for the users 
of your product. 
PVC IS BETTER — resists acid, oil, grease . . . stands up 
under toughest service conditions. Blades and contacts 
locked in solid vinyl. 
PVC IS FASTER TO WIRE — devices reach you with back- 
plates off and staked terminal screws backed out; your 
workers wire and assemble in minimum time. Clamp screws 
also staked. 
WHY SETTLE FOR LESS THAN THE BEST? — Tell us your 
requirements for 2-, 3-, or 4-wire; 10 or 20 amp PVC 
Royalok caps and/or connectors. We'll quote . . . with 
free sample for engineering analysis. 


ROYAL ELECTRIC CORPORATION 


an associate of International 
Telephone & Telegraph Corporation 
PAWTUCKET, RHODE ISLAND 
IN CALIFORNIA gene 
ELECTRIC CORDS & SUPPLY CORP. 
413 £. 3rd ST., LOS ANGELES 13 


Also special adaptations for permanent mounting in your prod- 
uct... or pre-assembled power supply cords with PVC Royalok 
on Royal quality portable cord. Ask for details. 
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of Coils Subject to Superposed Direct Current,” Legg, V. E., 
AIEE Transactions, 1945, v. 64, pp 709-712. 


. “Research and Development of New Design Method for 
Power Transformers,” Forster, G. A., Stratton, L. J., and 
Garbarino, H. L., Armour Research Foundation, Final 
Report, ARF Project No. E 037, Illinois Institute of Tech- 
nology, Chicago 16, Illinois, March 1956. 


. “Research and Development of New Design Method for 
Power Transformers,” Garbarino, H, L., Armour Research 
Foundation, Report No. 21, ARF Project No. E 017-0, Illinois 
Institute of Technology, Chicago 16, Illinois, February 1953. 

Note The method presented in Refs. (J0, 11) is summarized in the two-part 


article ‘‘Design Procedures for Special Type High-Temperature Transformers,” 
Evecraica, Manuracturinc, July 1957, p 116 and August 1957, p 119 








Research Progress 
in Dielectrics—1958 


(Continued from page 99) 


nature of these semiconductor materials, reviewed pre- 
vious experimental work, and presented the results of 
some new experiments. In view of the detailed mathe- 
matical analysis, it is not feasible to abstract this paper 
here. 

A fourth invited paper by Forest K. Harris, National 
Bureau of Standards, dealt with ultrahigh precision ca- 
pacitance standards and capacitance measurements. The 
J. B. Whitehead Memorial Lecture was delivered by 
Professor Charles P. Smyth, Princeton University. The 
subject was “The Structure and Relaxation of Dielec- 
trics.” O00 


References in ELECTRICAL MANUFACTURING 


The annual meetings of the Conference on Electrical Insulation 
have been reported at length in this publication since 1947. 
Last previous report was in the December 1957 issue, p 94. 
The Conference is sponsored by the Division of Engineering 
and Industrial Research, National Academy of Sciences-National 
Research Council, 2101 Constitution Ave., Washington 25, D. C. 

“The Molecular Key to Dielectric Properties—A Capsule Physical 
Chemistry for the Design Engineer,’ Thomas D. Callinan and 
Alex. E. Javitz, July 1958, p 73. 

“Electronic Materials and Components for Extreme Environmental 
Problems,” Alex. E. Javitz and Paul G. Jacobs, November 1958, 
p 11. 

“Introduction to Semiconductor Theory,” Ruth T. 
107, this issue 

Note: The three articles referenced here are available in reprint 
form—see pages 190 and 200 of this issue for details. 
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If it’s quality you’re after, 


call a Hoover Man 


When you buy a quality product you __ ity aluminum and zinc alloy die cast- 
want to be sure you get what you _ ings. Our quality-control program is 
paid for. That’s why so many of second to none. Why not let one of 


America’s leading manufacturers buy —_ our Sales Engineers tell you about us? 


[> from Hoover. We’re specialists in qual- A phone call or letter will bring him. 


THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 i) 
In Canado—Hamilton, Ontario 


DIE CASTING » HOOVER 
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Protect Against 


A few typical examples of Mallory motor-start 
capacitors—showing the model with the built- 
in bleeder resistor. A variety of terminations 
and lead wire arrangements is available in 
standard and recessed cases. 


= 


Wet rolling assures precise tolerance. Capacitance of the 
formed element is measured while the foil is being rolled. 
This unique process makes it possible to roll the exact 


microfarad rating desired, rather than cutting foil to 
arbitrary length ... insures better match with motor de- 
sign values to get high starting torque, accurate cut-out. 
210 
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Field Returns 


by Using Mallory Time-tested Motor Capacitors 


Before any Mallory motor-start capacitor 
gets shipped to you, it has had a thorough 
check by our inspectors. Every capacitor gets 
the three tests shown here . . . for capacitance 
during roll-up, for freedom from shorts before 
encasing, and for electrical specifications on 
the completed units. And as part of our 
quality control, samples are regularly taken 
from production. Some of these get an ex- 
tended life test at high temperatures—others 
go through hundreds of thousands of start- 
stop cycles to determine their ultimate serv- 
ice life. 


The result of this severe pre-testing . . . and 
of our experience in making many millions of 
capacitors is assured quality for your 
appliances and motors. Actual records prove 


that field returns of Mallory motor-start 
capacitors average well under 0.10%. This is 
the kind of quality that cuts your warranty 
replacement costs, adds to the reputation of 
your equipment, and helps to keep your cus- 
tomers, dealers and distributors sold on 
your products. 


For over 25 years, Mallory research and 
pioneering have made possible many notable 
improvements in motor capacitors—such as 
constantly higher temperature ratings— more 
compact designs—higher current ratings 
greater range of capacities and voltage ratings 
—built-in bleeder resistors. Always buy 
Mallory for your motor or cabinet mounting 
assemblies—always specify Mallory capacitors 
when you buy complete motors or sub- 
assemblies. 





ree fi 
3 


MALLORY & CO. Inc INDIANAPOLIS 6, INDIANA ] 


— 


Flash test before encasing checks dielectric 
property of the capacitor cartridge. . . 
out weak spots before assembly. 


Final testing of completed capacitors. Every 
weeds unit is tested for capacity, power factor 
and wattage. 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 








Literature 
for the 


Design Engineer 


All-new listings of manufacturer’s literature just off the press 
including catalogs, manuals and other reference publications relat- 
ing to components and materials for designed-in use in electrically 


energized end products. 





DESIGN TRACING TEMPLATES 
plete package of over 14 design tracing 
templates is offered to assist de- 
signers, engineers and all those asso- 
ciated with the development of specifi 
mechanical systems. Can be used for 
breadboard layouts, prototypes. design 
production, technical sketching and de- 
PIC Design Corp- 

+632 


Com- 


tail part drawings. 
gration. 


CERAMIC TRANSDUCERS —Fight-page 
illustrated brochure describes the high 
Curie points of these piezoelectric cer- 
amic transducers. Because no cooling 
is required, applications in ordnance 
systems and high-temperature electro- 
mechanical highlighted. 
Also describes applications in the fields 
of underwater sound, ultrasonics, shock 


sensors are 


and vibration, and in general equip- 
ment such as surface gauges, control 
devices and delay lines. Gulton Indus- 


tries. Inc. > 633 


BROCHURE FOR 1958 MINIATURIZA- 
TION AWARD— Brochure outlining the 
1958 Miniaturization Award lists cri- 
teria, entry form, and 
gives other information on the Award, 
which will be presented for the best 
example of miniaturization developed 
during 1958. Miniature Precision Bear- 
ings, Inc. > 634 


provides an 


PROCESS INSTRUMENTS — Fifty-two 
page Catalog 2 covers indicators, trans- 


212 


mitters, recorders and controllers for 
flow, pressure, temperature, 
viscosity and consistency. These in- 
struments are available for quick ship- 
ment. Fischer & Porter Co. > 635 


density. 


MAGNETIC SHIELDING — Thirty-one 
page manual No. 101-122 is a com- 
prehensive summation describing design 
and fabricating techniques for non- 
shock sensitive, non-retentive Netic and 
Co-Netic magnetic shielding in stand- 
ard gauges and thin ductile foil. Forty 
illustrations depict a wide variety of 
shapes, sizes and applications, 12 pages 
of physical data and graphs. Magnetic 
Shield Div., Perfection Mica Co. 636 


COMPONENT DRY-TYPE TRANSFORM- 
ERS—GEA-6723. a bulletin, 
gives original equipment manufacturers 
a complete 


24-page 
reference for selecting 
small power and control, general-pur- 
pose and special-purpose transformers. 
Contains a 
each transformer type including typical 
ratings. prices and detailed application 
information on each type of product 
market 

> 637 


complete description of 


according to industry and 


area. General Electric Co. 


SILICON SOLAR’ CELLS—Four-page 
Bulletin 32-58 describes electrical and 
physical characteristics of line of sili- 
con solar cells. Gives design parameters 
as well as application notes on 9 types 
of cells. Illustrates spectral response 


curves, current-voltage characteristics 
at various light levels, variations of 
available power according to temper- 
ature, and a magnified view showing 
construction details of a typical solar 
cell. Semiconductor Div., Hoffman 
Electronics Corp. > 638 


TRANSISTOR-MAGNETIC SERVO AM- 
PLIFIERS—Four-page Bulletin S893 de- 
scribes a line of Transi-Mag_ servo 
amplifiers with power ratings to 16 w. 
Complete specifications data, circuit 
theory and applications for missile and 
Magnetic 

-> 639 


aircraft use are provided. 
Amplifiers, Inc. 


STROBOSCOPIC LAMP AND POWER 
SUPPLY—Data sheet describes a small- 
size, high-intensity lamp 
and power unit for visual and photo- 
graphic strobe work. Unit is used for 
continuous slow-motion observation of 
vibrating or rotating specimens, for 
precision measurement of rotary or 


stroboscopic 


oscillatory speed, or as uniform, fast 
illumination in photographing high- 
speed objects. Chadwick-Helmuth Com- 
pany. > 640 


MINIATURE TRANSISTOR TRANS- 
FORMERS—Data sheet describes and 
illustrates a line of mu-metal shielded. 
epoxy impregnated, miniature trans- 
formers designed for transistor appli- 
cation. Includes in detail features of 13 
basic types of input, driver, output and 
interstage transformers which can be 
used in 90 different impedance match- 
ing circuits. Amplifier Corp. of America. 


Transformer Div. ->641 


SOLDER TERMINALS—Fourteen-page 
Catalog 158 features specification draw- 
ings and information on line of solder 
terminals and introduces 3 new term- 
inals specifically designed for molding 
into plastic headers for use with printed 
circuits or miniature tube sockets. Al- 
pine Electronic Components, Inc. 642 


VIBRATION TESTING SYSTEMS 
bulletins are available for use by avia- 


Three 


tion, missile, and rocket design and 
test engineers engaged in precise vibra- 
tion analysis. Bulletin No. 425 covers 
vibration testing for sinusoidal and com- 
plex motion testing with force ratings 
from 1200 to 2500 Ib; Bulletin No. 435. 
ratings from 1750 to 5000 Ib; Bulletin 
No. 470, 7000 to 25.000 Ib. MB Man- 
ufacturing Co., A Division of Textron 
Inc. >643 


FLOW CONTROL SERVO VALVES. 

Catalog 220 describes line of flow- 
control servo valves for use in aircraft. 
missile, nuclear and industrial applica- 
tions. Detailed information accom- 
panied by a series of curves on normal 
flow gain tolerance, load flow-pressure 
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RCA, 
TRANSISTOR FUNDAMENTALS & APPLICATIONS 


Ow 
N F pblo! 


RCA’s 
brand 
new 
primer... 


TR f\ N | a i be 48 pages...16 sections! 
1 —Introduction 


2—Transistor Physics 


3—The PN Junction 
4—The PNP & NPN Junction 
Transistor 


5—The Point-Contact Transistor 


6—Transistor Characteristics 
& A 3) P| A | | O N 7—Types of Transistors 
8—Transistor Amplifiers 


9—Methods of Coupling 

Authoritative, condensed and easy-to-read, this new 48-page booklet contains 10—Gain Controls 
pertinent diagrams, schematics, and tables of important technical data— 11—Power Amplifiers 
all compiled in a simplified manner for busy engineers and executives who 12—Oscillator Circuits 
desire to broaden their knowledge of transistor theory and practice. 13—Power Supplies 
Three quiz-pages consisting of questions and answers appear at the end of oT a 
the booklet and serve as a valuable summary and review. Circuits 

Now, for a limited time only, this valuable booklet will be available through %  15—Transistor Components 
your authorized RCA Semiconductor Products Distributor. See him today! 16—Servicing Transistor 


Your RCA distributor has it! (Form #41737) Circuits 


RADIO CORPORATION OF AMERICA 


Semiconductor Products 
Harrison, New Jersey 
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This can’t be FIREBAN... 


New Taylor FIREBAN 321 Laminated Plastic 


is self-extinguishing in only 3 seconds 


Electrical faults in appliances, TV sets, radios, motors and other 
electrical devices frequently lead to fires-—and these fires lead to 
complete destruction of the equipment, sometimes extensive dam- 
age to the facilities surrounding it. Taylor FIREBAN 321 is designed 
to retard fire. Self-extinguishing in only 3 seconds-—it is an effective 
barrier against the spread of flame. In addition, this flame-retardant 
laminated plastic has excellent moisture resistance, excellent elec- 
trical resistance after exposure to high humidity, and good mechan- 
ical properties; also offers low dielectric losses. These properties 
help prevent the electrical faults that lead to fires. Write TAYLOR 
FIBRE CO., Norristown 37, Pa., for complete details. 


Jor 


LAMINATED PLASTICS VULCANIZED FIBRE 
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characteristics, typical frequency re- 
sponse and tolerance and nominal coil 
characteristics. Moog Valve Company, 


Inc. > 644 


GLASS AND ASBESTOS WOVEN TAPES 
—Two booklets describe a line of 
Glespun Fiberglas woven tapes and as- 
bestos woven tapes. “Atlas Asbestos and 
Glaspun Woven Tapes” describes and 
contains samples of untreated contin- 
uous filament Fiberglas all-purpose 
electrical! insulating tapes which resist 
moisture, rot, chemicals and high tem- 
peratures. The other booklet describes 
performance characteristics, uses and 
sizes of line of Glaspun and asbestos 
textiles. Atlas Ashestos Co. > 645 


MINIATURIZED VTVM’s.—-Miniaturized 
electronic voltmeters in 4 basic styles 
are described in 4-page short form cata- 
log No. 10-A. Covers panel-mounted 
models; half-relay rack styles: militar- 
ized and commercial models: plug-in 
circuitry modules. Data includes per- 
formance specifications, dimensions and 
prices. Metronix, Inc > 646 


HIGH-TEMPERATURE, CORROSION- 
RESISTANT ALLOY Twelve-page book- 
let describes Hastelloy alloy B. an al- 
loy that combines advantages of unusual 
resistance to corrosion with good 
strength at high temperatures. Alloy B 
retains over 74 of its room temperature 
yield strength at 1600 F. Haynes Stel- 
lite Co.. Division of Union Carbide 
Corp. ->647 


VIBRATION METER—Iilustrated tech 
nical bulletin No. WK-B-731A lists fea 
tures, brief specifications, and design 
features of vibration meter Type B.- 
731A. Instrument particularly suited to 
measurement of vibration where direct 
physical contact is not possible. and 
for measuring dilation and eccentricity 
of rotating parts. Wayne Kerr Corno 
ration. > 648 


LOW-NOISE PREAMPLIFIERS Four 
page brochure illustrates and gives de- 
tailed electrical and mechanical data 
on a line of low-noise, high-frequency 
preamplifiers. Series A models are 
fixed-tuned preamplifiers available with 
flat bandwidths in 50 to 500 me ranges. 
Series B available for anv center fre- 
quency in range of 100 to 250 me, with 
3 db bandwidths of 8 to 20 me. de 
pending on frequency center. A. R. & T. 
Electronics, Inc.. Subsidiary of Baldwin 
Piano Co. > 649 


TOP HOLDING TUBE AND COMPON- 
ENT RETAINERS—Twelve-page Catalog 
2-TT contains specifications for 3 
types of top holding retainers: Top 
Tainers, Type 2 tube clamps, and Type 
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Experlence—the added alloy in A-L Stainless, Electrical and Tool Steels 


GUARANTEED PERMEABILITY OF MOLY PERMALLOY... 
at values higher than old average specifications 


Molybdenum Permalloy nickel-iron strip is now avail- 
able from Allegheny Ludlum with guaranteed permeability 
values. And the new guarantees are much higher than 
the old typical values. This exceptionally high quality 
means absolute uniformity for the user—new consistency 
and predictability for magnetic core performance. 

Improved permeability of A-L Moly Permalloy is the 
result of Allegheny’s program of production research on 
nickel-bearing electrical alloys. A similar improvement 
has been made in AL-4750 strip steel. Research is con- 
tinuing on silicon steels including A-L’s famous Silectron 
(grain oriented silicon steel), plus other magnetic alloys. 


ALLEGHENY 


wsw 7273 


Another plus in dealing with Allegheny Ludlum is the 
operation of complete lamination fabrication and heat 
treatment facilities. A-L’s years of experience in produc- 
ing quality laminations result in practical know-how in 
solving problems common to core materials. 

This working knowledge is available to all. Give us a 
call for prompt technical assistance on any problem 
involving electrical steels, laminations, or magnetic 
materials. Write for more information on A-L Moly 
Permalloy. Allegheny Ludlum Steel Corporation, Oliver 
Building, Pittsburgh 22, Pa. Address Dept. EM-13. 


LUDLUM 


STEELMAKERS TO THE ELECTRICAL INDUSTRY 


Export distribution, Electrical Materials 
Export distribution 


AIRCO INTERNATIONAL 
Laminations: AD. AURIEMA, NYC 4 


INC., NYC 17 
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available to retain every miniature and 
standard tube, and nearly every cylin- 
drical, rectangular, and wafer-shaped 
use. Industrial Div., The 

->650 


2 crystal clips. Sizes and modifications 


component in 
Birtcher Corp. 


STAINLESS STEEL TUBULAR PROD- 
UCTS—Data Folder TDC-190 contains 
technical data on analyses, corrosion 
and oxidation resistance, high and Jow- 
temperature physica! 
and mechanical properties of family 
of 18-8 stainless steels. The Babcock 
& Wilcox Co., Tubular Products Divi 
sion. >651 


characteristics, 


ELECTRONIC WIRES AND CABLES 
859 has 
been redesigned with all wires grouped 


Electronic wire catalog No. 
by type and application for easier use. 
All essential electrical characteristics 
and construction details are shown for 
each item, with each type of wire clearly 
illustrated. 
microphone and shielded power supply 
cables, TV camera cables, hi-fi, stereo. 


Typical listings include 


and phonograph cables, intercom and 
sound cables, transmission line cables. 
Belden Manufacturing Co. 652 


POTENTIOMETER MOUNTING HARD- 
WARE illustrates 


Specification sheet 


of mounting hardware for 
Trimpot and Trimit potentiometers. End 
mounting brackets, side mounting 
brackets, clip panel 
mounting illustrated, 
included. 


> 653 


a variety 


brackets, and 
accessories are 
drawings 
Bourns Laboratories, Inc. 


and dimensional 


MILITARY AND COMMERCIAL TRANS- 
FORMERS CT8-58 _ provides 


detailed electrical and physical speci- 


Catalog 


fications on military standard. MIL-T- 
27A 400 cycle and other hermetically- 
sealed transformers. In addition, there 
are listings of commercial grade audio 
and power transformers for transistor. 
communications and industrial applica- 
tions. Performance curves shown for 
many of the units. Chicago Standard 
Transformer Corp. > 654 
TOROIDAL, TAPE AND BOBBIN 
WINDERS Revised 14-page Catalog 58 
includes illustrations and descriptions 
of automatic, semi-automatic and sub- 
miniature toroidal winders, tape wind- 
ing machine, and the new Permeameter. 
Tables referring to shuttles and sliders 
for the winding machines are included. 
Boesch Manufacturing Co.. Inc. 655 


FRACTIONAL HP MOTORS—About a 


dozen small motors are shown in Cata- 


log M159. ranging from 1/1000 to 1% 





LECTMIGAL 





ORCELAIN 


AS AND WHEN YOU WANT IT 


Send drawings and specifications to 


AKRON PORCELAIN CO. 


2723 CORY AVE., AKRON 14, OHIO 
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Send for 


literature 


hp and including Universal, d-c, a-c 
and permanent magnet types, induction, 
gear motors, governor and brake mo- 
tors. These are illustrated and include 
dimensional diagrams with complete 
specifications. Carter Motor Co. ~>656 


ELECTRONIC TUBES —Six-page Catalog 
2220 gives specifications on a line of 
electronic tubes for industry and com- 
munications. Contains detailed appli- 
cations and performance data covering 
rectifier and clipper 
diodes, gas tubes, TR 
tubes, pressurized waveguide windows 
and ionization gauge Central 
Electronic Manufacturers. > 657 


power triodes, 


noise source 


tubes. 
PRESSURE-SENSITIVE TEFLON TAPES 


Four-page folder detail 
Temp-R-Tape pressure-sensitive Teflon 


describes in 


tapes and thermal curing pressure-sen- 
sitive Teflon tapes for —100 to +-500 
F electrical and mechanical applica- 
tions. The Connecticut Hard Rubber 


Co. > 658 


GLASS-SUPPORTED TEFLON Fight- 
page Bulletin GST-58A illustrates and 
describes line of standard and special 
grades of glass-supported Teflon tapes. 
laminates, diaphragm stock and gasket 
stock. Four grades of Di-Clad glass- 
supported Teflon for flexible printed 


Modular 


CONNECTORS 


“METHODE 


For: 

Electrical Equipment, 
Appliances, 
Industrial Machines, 


Sound Systems, etc. 
Features: 


- Multiple unit construction per- 
mits the designer to specify the 
exact number of connecting links 
desired with resultant economies 
in space and cost. 


. The long creepage distances em- 
bodied in the modular construc- 
tion permits maximum power 
applications in high density pack- 
aging requirements. 


. Ribbon type plug blades are en- 
gaged in wiping socket contacts 
and the spring characteristics of 
both members provide easy inser- 
tion and withdrawal with tow 
contact resistance ratings. 


. Printed circuit card receptacle 
types (as well as rack and panei 
variations) available with right 
angle and in-line terminals. 


(Mex HODE 
©  Manvfacturing Corp. 
- 7447 W. Wilson Ave., Chicago 31, iil. 
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you get fast delivery 
on these 


BROWN COMPONENTS 


for instrument, servo or control circuits 


i ace 


Brown £lectnomik AMPLIFIERS* 


Amplify a d-c or a-c microvolt input signal suffi- 
ciently to drive one field of a two-phase balancing 
motor. Brown amplifiers have extremely low stray 
pickup, excellent stability, adjustable sensitivity 
and fast response. Proved in thousands of Elec- 
troniK instruments. 


NEW! 
Brown 
Motors 


SELECT FROM THESE BASIC MODELS 

Nominal 
Gain 

1 x 106 

4x 106 

12 x 106 

40 x 106 


for chart drives, servos, balancing circuits 





Sensitivity 
( Micrevolts) 


4.0 
1.0 
0.4 
0.1 


Nominal Input Impedance 
(Ohms) 
These newly-designed synchronous and two-phase 
Brown motors have many maintenance saving fea- 
tures: new, sectioned die-cast housing . . 
to prevent oil leakage 


370, 1400, 50,000 
370, 2500 

. 2500 

. new wicking 1400 
. . . printed circuits . . . ball weherenet a, 
bearings to reduce friction. You can replace any part 


in two minutes, usually without disconnecting the 


POWER SUPPLY 

115 v., 60 cycles (fused 
power line) 

OUTPUT 

2 to 18 ma. into 12,000 


OPTIONAL FEATURES 


a) thermocouple burn- 
out protection, (b) with- 
out desensitizing ad just- 
ment, (c ‘ 


TWO-PHASE INDUCTION 





Nominal | 
No Load 
RPM} 


Gear 
Ratie 


44:1 
10:1 
30:1 
60:1 


330 

148 
rr 
22 


| Intermittent | Max. Start- 


Rated Load ing Torque 
(oz.-in.) (oz.-in.) 
4 10 
5 20 
50 
120 


15 
30 


Current 
(amps) 
Loaded 


Power | 
(watts) 
Loadedt} 


Temp. 
Rise 
Deg. F. 
70 
70 
70 
70 


7.6 
7.0 
76 
7.6 


ohm load 

SENSITIVITY ’ 
Continuously variable 
screwdriver adjustment. 
Recessed slot protects 
setting 

MOUNTING 

Operation unaffected by 
mounting position 


parallel 
feedback, (d) velocity 
damping, (e) special con- 
necting cables and plugs, 
(f) without tubes, 
shields, and converter, 
g) for 25 cycles, (h) 
220-110 volt trans- 
formers. 








*The sale of this device does not carry with it a license under any of our combination 
patents covering apparatus in which this device may be used. 


SYNCHRONOUS 





| Pull-In 
Torque, Min.) 
(oz.-in.) 


Continuous | 
Torque 
(0z.-in.) 


Current 
(amps) 
Loaded 


Temp. 
Rise 
Reg. F. 


100 
65 
55 
65 
65 


For additional details, call your nearby Honeywell field 


Gear 
RPMT | Ratio engineer. He’s as near as your phone. 


watts) 


eS 


10:1 
10:1 
20:1 
30:1 
60:1 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Avenues, 
Philadelphia 44, Pa. 


Honeywell 
H Fouts iv Coutiol 


2 | 12 
3.5 re 
we 12 
12 
12 


19 
13 
im 


“21 
ros 

095 
i 1 1 

VW 


180 | 
90 | 


14 
13.5 
27.5 


60 
30 


13 
13 








11/6 less at 50 cycles. Some speeds available at 25 cycles. 


tt6.0 watts in field winding, balance in amplifier winding. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
leads from your installation. | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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circuit applications are also discussed. 
Includes a complete list of properties 
for all these grades, together with dis- 
cussions of typical applications. Con- 
tinental-Diamond Fibre Corp. 659 


TOOLS FOR ELECTRONIC ASSEMBLY- 
Savings of as much as 35¢ per elec- 
tronic assembly (television) have been 
attributed to use of several of the hand 
tools described in this 23-page Catalog 
No. 101A. Special tool features assure 
shock-free assembly of delicate com- 
positive hooking on resistor 
retention of clipped wire ends; 


ponents ; 
wires; 
ease of slitting and crushing insulation; 
effective cutting and crimping wire on 
printed circuits. Mathias Klein & Sons, 
Ine. -> 660 


SWITCH-CAM APPLICATIONS De- 


tailed information for snap-action 
switch. Use in cam applications is de- 
scribed in 2-page bulletin. Suggested 
cam rise angle, type of actuators, char- 
acteristic variation possibilities, other 
technical information is included. Cher- 
ry Electrical Products Corp. > 661 


AUDIO/ELECTRONIC CONNECTORS 
Catalog XLR-3 


XLR audio/electronic connector series 


Four-page describes 
for use on microphones, tape recorders, 
instrumentation and 
computers. Illustrations are color-coded 


amplifiers, test 


for quick identification of mating plugs 
and receptacles. Ordering nomenclature, 
construction details, and dimensions 
included. Cannon Electric Co. > 662 


SYNCHROS AND ROTARY COMPON- 
ENTS—Twenty-page catalog contains 
descriptions, applications, dimensional 
drawings, illustrations and_ specifica- 
tions tables covering a line of synchros 
and rotary components, including re- 
linear transformers, differen- 
tials, phase shifters and vector resolv- 
ers. Clifton Precision Products Com- 
pany, Inc. > 663 


solvers, 


DIGITAL CONTROL COMPUTER—F our- 
page brochure on digital computer con- 
trol and data logging includes a de- 
scription of the RW-300 digital control 
computer, as well as comprehensive 
discussions of process control data log- 
ging. pilot plant, and test facility ap- 
plications for computer control systems. 
Detailed specifications are listed for the 
transistorized RW-300. Thompson- 
Ramo-Wooldridge Products Co. —>664 


LOW-ANGLE MERCURY SWITCH - 
Data sheet 153 describes sensitive low- 
angle mercury switch AS603Al. SPDT 
unit has differential angle of 0.15 deg 
max. Includes photograph, dimensions, 
specifications and electrical rating. 
Micro Switch. 





NOW .. 


Multi-Circuit 


TIMERS 


Zenith Multi-Circuit Cycle Timers 
are available in models and types for all 
timing, mixing, compounding, processing 
and similar operations. They can be sup- 
plied in any time cycle and any number 


of switches. 
Mode! WM — Compact Design 


timing controls. 


See Classified Directory for Name of Local Representative 


CHICAGO 10, ILLINOIS 


152 WEST WALTON STREET - 
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A New Design Concept | | 
in Multi-Circuit Program Control | 


Model WD) — Master Programmer 


Master programming dials control operation of all circuits and 
sequencing relationship between circuits in the cycle. Adjustments 
are easily made on the face of the panel. As many as 48 “‘on” and 
“off’’ operations can be made on any one circuit without disturb- 
ing operation of other circuits. Single heavy-duty motor drives 
entire unit to assure full synchronization of operations and dials. 


Request details on the Zenith Master 
Programmer and other multi-circuit 
timers. Write on company letterhead for 
complete 64-page catalog describing automatic transfer and re- 
mote control switches, magnetic contactors, program clocks and 


a 


3 by the 


| nition 


quirements. 


locking action. 


Ser 


— eal 
. + Moore makes them 
for all types of 
applications 


Whatever you make that re- 
quires a set screw ... 
or special . . . Moore can quickly 
and economically meet your re- 


Moore Set Screws are precision cone, dog 
made and quality controlled to 
assure exact uniformity. They 
fit into mass production assembly 
techniques; they are of proper 
hardness for long life; and they 
have accurate threads for secure 


When more set 
needed think of Moore. Prices 
are right and you get exception- 
ally fast delivery. 
detailed price catalog. 


fele):3 2m George W. Moore, Inc. 


SET SCREWS 


screws are 


OVERHEAT PROTECTORS FOR AIR- 
CRAFT MOTORS—Two technical bul- 
letins, MOPR-2 and MOPR-11, con- 
tain data on Klixon inherent overheat 
protectors for single-phase a-c and d-c, 
and for 3-phase aircraft electric motors. 
Details construction, operation, elec- 
trical ratings, capacities and weights of 
both open and _hermetically-sealed 
types. Metals & Controls Corp., Spen- 
cer Div. >666 


ELECTRON OPTICS—A 16-page booklet 
(RC 178A) contains engineering data 
on electron optical instruments. Sep- 
arate sections are devoted to the EM- 
100B and EM-75B electron micro- 
scopes, the PMR X-ray microscope, and 
the CMR contact microradiographic 
unit. Photos, micrographs and diagrams 
show details of construction, accessories 
and applications. Philips Electronics 
Inc., Instruments Div. ->667 


A-C GENERATORS—Product bulletin 
Form ACG958 describes the construc- 
tion, sizes, performance, and other fea- 
tures of a-c generators, with emphasis 
on a newly-developed complete line of 
brushless alternators. Kato Engineering 
Company. -> 668 
ELECTRICAL INSULATION—Thirty-two 
page Bulletin No. 28 describes shaped 
wood and plastic wedges, formed fiber 


ews 





Condensed Specifications 


Headless} Square | Socket 
Slotted Head Head 


Size dia.|#0 to 4%"|#6to wy” F4 to %” 
Keto 3” i, to 2%"| % tol” 





standard 











Lengths 





Points cup, oval, round, flat, 





Materials} steel, brass, bronze, stain- 
less, aluminum, alloy 


steel, monel 








Special Heads — milled, slabbed, 
double slot, knurled. 

Miniature Headless — #0, #1, 
#2, #3, #4 sizes in a wide se- 
lection of metals, finishes, lengths 
for and points. 











since 1880 
85 Beaver St., Waltham 54, Mass. 
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Quietest 
Direct Drive 
Blower Motor 


Place a mechanic’s stethoscope on the end cap 
and you can easily hear the difference between 
the newly-designed Redmond Type AY and 
motors of conventional design. Try it on a Red- 
mond 1/6 hp—the noise level is about that of a 
1/35 hp motor of conventional design. 


New Kedamond Design Reduces Blower Vibration to 
One-Fifth that of units using Conventional Shaded-Pole Motors 


Apply vibration tests and you will be quick to agree 
that here is the quietest direct-drive blower motor 
available. The AY Tri-Flux motor is designed and 
manufactured in every way to give years of trouble- 
free service and whisper-quiet operation. The positive 
oil system provides force-feed lubrication. Recirculating 
the oil assures maximum bearing life. 


The graph shows vibration test results on the 
new Redmond design and two competitive motors. 
These tests were made with the best vibration testing 
equipment available. The solid black bar shows vibra- 
tion on the motor end cap; the gray bar shows vibration 
on the blower housing. The graph is decibel readings on 
120 cycles, since the 120 cycle frequency is the one that 
is the basic source of nearly all noise problems. Reduc- 
tion of vibration is a logarithmic function—the reduc- 
tion of vibration in the Redmond motor to 33 decibels 
reduces noise to only 1/5th that of conventional motors. 


The new AY is ideal for a wide variety of appli- 
cations requiring a whisper-quiet, economical, 
high-quality motor. Contact us at Owosso, Michigan, 
and we will have the Redmond sales engineer in your 
district call you at once. 


70 


60 
50 = 
40 a 


Redmond Competitor Competitor 
Type AY Motor A Motor B 


























The Standard of Dependability 


COMPANY, INC. 


Subsidiary of CONTROLS COMPANY OF AMERICA 


Owosso, 


TANUARY 1959 


MICHIGAN 
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and polyester tilm wedges; plain or 
cuffed, creased or formed slot insula- 
tors, fabricated paper, coated fabric 
and plastic insulating parts and other 
kinds of specially made insulators. Data 
and charts, as well as drawings, are 
included. Insulation Manufacturers 
Corp. > 669 


ZIRCONIUM HYDRIDE Four-page 
data sheet gives physical and chemical 
properties and application information 
on nuclear grade R and commercial 
grade C zirconium hydride (ZrH,). 
Grade R is used as a moderator in 
nuclear reactors and can also be used 
for shielding components. Grade C for 
commercial applications is used in the 
electronics field. Metal Hydrides Incor- 
porated. ->670 


STEPPING MOTOR—Bulletin 958SM2 
describing Series 2 Syncramental step- 
ping motors contains performance data, 
stud and servo mounting variations with 
all dimensions, a list of stock models 
available for immediate shipment, oper- 
ating specifications, and a 
of environmental 
Leland, Inc. 


summary 
conditions. G. H. 
>671 


DIGITAL VOLTMETER—Data sheet No. 
19-24 Model 402 a-c/d- 
digital voltmeter, which provides 100 
uv resolution in d-c, 1 my a-c. In- 


describes 


Just Dip n’Strip the toughest 
Insulation in Seconds/ ». ' 


WITH 
NEW, 
FAST 


CREAM WIRE STRIPPER 
504 


@ NON-CREEPING 
@ NON-CORROSIVE 
@ NON-FLAMMABLE 


cludes illustration, features, complete 
specifications and a circuit description. 
Kin-Tel, a Division of Cohu Electron- 
ics, Inc. >672 


PAPER ELECTRICAL TAPES—F our-page 
booklet, intended to aid designers in 
selecting paper electrical tapes, lists 
physical and electrical 
Scotch brand paper tapes, as well as 
military specifications met by the tapes. 
Other sections deal with properties of 
true electrical grade paper tapes, prob- 


properties of 


lems of corrosion, solvent and moisture 
resistance, relative age life, and tem- 
perature data. Minnesota Mining and 
Manufacturing Co. > 673 


SLIP RINGS—Flyer describes company’s 
activities in slip ring, brush assembly 
and commutator fields. Describes and 
illustrates several typical designs of- 
fered. Among these are platter types, 
coaxial, segmented and others. Applica- 
tions include switching devices, resolv- 
ers, other control devices. Model Engi- 
neering and Manufacturing, Inc. —>674 
WAVEGUIDES AND FITTINGS—Refer- 
ence table of rigid rectangular wave- 
guides and fittings covers waveguide 
sizes from WR10 to WR2300, and cross 
references the following: TE,, mode 
frequency range, EIA waveguide code 
JAN code 


designations, waveguide 


= 
WIPE OR 


4 Lif 
' 


outer wave- 
guide dimensions with tolerances, MIL 
flange code designations, and the mili- 
tary standard flange drawing numbers. 
Microwave Development Laboratories, 
Inc. > 675 


designations, inner and 


SELF-LOCKING NUTS Bulletin SL-858 
on a line of all-metal. self-locking, self- 
clinching nuts describes and illustrates 
their dual-purpose features. Complete 
data given on thread sizes and shank 
lengths for various sheet thicknesses, 
mounting hole dimensions, and sug- 
gested installation forces. Torque and 
push-out resistance, metals of construc- 
tion and finish, temperature ranges, 
and other information included. Penn 
Engineering & Mfg. Corp. > 676 


VACUUM THERMOCOUPLE GAUGE 

Model 521 vacuum thermocouple gauge 
and 2-station Model 721 thermocouple 
gauge control are described in 2-page 
technical data sheet. Covers features, 
instructions, 
physical and operational specifications 
and calibration curves. NRC Equipment 
->677 


applications, operating 


Corp. 


CENTRALIZED CONTROL SYSTEMS 

Sixteen-page Bulletin 106 illustrates and 
describes the approach, ma- 
terials, construction and modern facili- 
ties used in manufacturing a variety of 


design 


HAGEWN modei si 
RESET TIMER 


SECOmDS 


Expose bright, clean leads on wires insulated with 
Formex, Formvar, Enamels, Alkanex, Isonel, Lecta- 
lite, Thermaleze and other tough insulations in less 
than a minute! 


Lonco Cream Wire Stripper 504 is simple, fast and 
easy-to-use ... provides maximum production strip- 
ping at maximum economy. Only one small container 
is required to handle a large volume. Does not have 
acid reaction . eliminates neutralization. Works 
equally well on fine leads or heavy coatings. 


Available in 1-gal. cans or in 12-qt. or 24-pt. packages. 


Ce), las) 
EMULSIFIERS 


[oro LONDON CHEMICAL CO., INC. 


Ridglea 1537 WN. 3ist AVENUE © MELROSE PARK, ILLINOIS 
s gis Other Lonco Products: Solder Fluxes Flux Removers 
Protective Coatings Chemical Solder Masks 


Request information. Get a trial order today! 
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TiWE DELAY @tiar 


Sgfe wawerarTobies 


With unique reset spring feature 


A NEW Clutch Motor Reset Timer with reset spring at- 
tached to time set mechanism that provides correct amount 
of tension over entire dial range—thus contributing to 
longer spring and motor life. Energize to start — de-energize 
to reset. Resets on power interruption. 


TIME CYCLES AVAILABLE 


0-4 Sec. 0-15 Sec. 


0-60 Sec, 
0-180 Sec. 0-300 Sec. 

Write for complete descriptive Bulletin 1610. 
Address Dept. EM-I59 


MANUFACTURING 
Moline, Illinois 
Baraboo, Wisconsin 


, 
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creative designing calls for an open mind 
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Leonardo Da Vinci's design for a flyer spindle for a loom = Model courtesy of [BM 


EVEN DA VINCI’S DESIGN COULD HAVE BEEN BETTER 
WITH HELP FROM AN S)‘SiF ENGINEER-— Ansi<engineer never 
has to push one bearing over another, because makes all four types of ball and roller 


bearings in over 3,000 sizes. This gives every S2s engineer the kind of flexibility he needs 


to keep an open mind on any bearing problem. Give your problem to sis and see 
7812 


. eee reese ee eee eee eee eeeeee eee eee eeeeeeeeeeeeeeeeee 


i 
f > = EVERY TYPE— EVERY USE 
& kK i ® 


Py BEF INDUSTRIES INC. PHILADELPHIA 
Spherical, Cylindrical, Ball and “Tyson Tapered Roller Bearings 


e@eeeeeweeeeeeee 
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centralized control and data presenta- 
tion systems. Panellit, Inc. > 678 


MOLDED RUBBER PARTS—How pre- 
cision molded rubber parts may be 
obtained without paying big prices is 
explained in a 4-page bulletin. Covers 
advantages and limitations of the proc- 
ess, quantity requirements, and design 
recommendations. Typical parts already 
being made by the process are pictured 
and des ribed. Ohio Rubber Co. 679 


CEMENTS, ADHESIVES AND SEALANTS 

Fourteen-page brochure on Eccobond 
adhesives consists of a series of techni- 
cal bulletins on a variety of cements, 
adhesives and sealants. Application in- 
formation, physical and electrical prop- 
erty data is presented for each product. 
All of the adhesives are applicable to 
electrical and_ electronic 
Emerson & Cuming, Inc. 


assemblies. 


> 689 


REDUCED VOLTAGE STARTERS— De- 
sign and construction features of auto- 
matic reduced voltage starters are de- 
scribed in Bulletin 14B8192. Included 
is motor control engineered for centri- 
fugal large conveyors. 
large fans, motor-generator sets, and 
other applications. Includes descriptive 
copy on the theory and operation of 
low voltage Allis-Chalmers 


>681 


compressors, 


starters. 
Manufacturing Co. 


TERMINAL BLOCK—lIllustrated catalog 
sheet gives specifications, outline dimen- 
sions and general information on Series 
200-19 plug and socket terminal block 
for heavy-duty applications. This 10- 
contact connector is capable of handling 
up to 15 amp and 10,000 volts rms at 
sea level. Electronic Sales Div., DeJur- 
Amsco Corp. > 682 


MOTORIZED GEAR DRIVE—Four-page 
Bulletin No. 2350 describes Line-A- 
Spede motorized gear drives, gear 
reducers powered by standard NEMA 
frame motors mounted on a shelf at- 
tached to the reducer. Illustrates how 
the drives facilitate standardization of 
motors to reduce inventory and permits 
rapid motor changes. Construction fea- 
tures illustrated in a cutaway, and en- 
gineering specifications and dimensions 
are given. The Louis Allis Co. 683 


LIQUID POLYMER EPOXY RESIN COM- 
POUNDS—Technical bulletin, _ titled 
“Liquid Polymer/Epoxy Resin Sys- 
tems,”’ serves as a basic reference man- 
ual for plastics compounders. Provides 
.eneral information on the increased 
flexibility, impact and chemical resist- 
ance which are obtainable with this 
system for protective coatings and ad- 
hesives, as well as electrical potting. 
casting and plastic tooling applications. 
Thiokol Chemical Corp. > 684 





Dress Up Your Products 
with these 


Featuring metal inserts of 
chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 W. Monticello * Skokie, Ill. 
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COMPRESSION MOLDING PLASTIC 
PARTS — Four-page folder illustrates 
and describes design and manufacturing 
facilities for custom compression mold- 
ing precision plastic parts from all 
thermosetting materials for use in elec- 
trical, electronic and general indus- 
trial applications. Illustrations show 
molds presses, hand finishing and in- 
Delta Plastics 

>685 


spection operations. 


Company. 


TUBELESS PHOTOELECTRIC CONTROLS 

Tubeless photoelectric control cata- 
log 58 describes controls with cad cell 
sensing element; with transistor and 
with magnetic amplifier, including 
suitable light sources. Includes illus- 
trations, dimensional diagrams and fea- 
tures. Autotron, Inc. > 686 


VERTICAL SCALE INDICATOR—Bulle- 
tin No. R-60 gives a technical report on 
the vertical scale indicator used with 
differential transformers to display lin- 
ear measurements of such variables as 
pressure, motion, liquid level and thick- 
ness. Contains technical facts explaining 
application, servo-system advantages 
and operation. Automatic Timing & 
Controls, Inc. ->687 


RESISTANCE BRIDGE INDICATOR— 


Four-page brochure furnishes useful 
information for users of strain gages, 


Just how 


WATERPROOF 
DO YOU WANT 
YOUR PAPER? 


MOSINEE 


will make it to your 
EXACT SPECIFICATIONS 


complete information write 


MOS INEE 


PAPER MILLS COMPANY 


hoki al-1-#me a Al -feotelal-iial 
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New! Miniaturized! 
Kellogg Type L” Relay 


TYPE "L” RELAY FACTS 


FORM A FORM B 








FORM C  — FORM D 
ee * Tt ae 
eee 


(BREAK) 


7 REMARKS 

| 19 SPRINGS Max 
PER STACK. ONE 
FORM DO MAK 
PER STACK 


CONTACT 
FORMS 


ae 
ee 


(MAKE) 





| (BREAK-MAKE) (MAKE BEFORE BREAK) 


JANUARY 1959 








CONTACT 
RATING 


(NON- INDUCTIVE) 


PALLADIUM 


062"x 020 


TWIN CONTACTS 
. nities ahd al 


062”x .020” 


4 Amps. 150 Watts | 1 Amp. 150 Watts |2 Amps. 100 Watts|4 Amps. 450 Watts| 3 Amps. 450 Watts |4 Amps 450 Watty 
| | 


RATINGS PERTAIN 
SINGLE CONTACTS RATINGS PEE 
Gow siver | PALLADIUM | TUNGSTEN SILVER 
TIONS. SPECIAI 
APPLICATIONS 
USUALLY RE 
QUIRE ENVIRON. 
MENTAL TESTING 


062" .020” | .093"x .031 125"x 050" | .125”x .050” 


it 





TIMING 


NOS 


3-30 


OPERATE RANGE 


STANDARD COILS SLUG COILS | TIMING VALUES 


: | 
t 
RELEASE RANGE DEPENDING 


OPERATE RANGE RELEASE RANGE 
UPPON CONTACT 

| ARRANGEMENT 
AND APPLIED 

| VOLTAGE 


4-20 20-60 30-100 





___ COIL RESISTANCE 


MISC 


SINGLE WOUND 
UP TO 20,000 OHMS UP TO 6500 OHMS 


| 


__WEIGHT _ RESIDUALS 


AVAILABLE WITH 
SCREW OR FIXED 
TYPE RESIDUALS 


“DOUBLE WOUND _ 
APPROX. 24% O72 
EACH WINDING 








“Compact, lightweight, extremely versatile, reli- 
able” these are some of the comments of 
engineers who have tested Kellogg’s new type “L” 
relay. It is a sturdy re-engineered version of the 
model used for years in telephone offices around 
the world. Now, its many new features make it 
particularly adaptable to industrial applications 
including computer systems, two-way radio and 
automation devices. 

Efficient design gives the Kellogg type “L” more 
operating force than relays of comparable size. 
This means greater sensitivity, gram pressure and 
more springs per pileup. In addition, the new re- 
lay features: 

@ rear mounting, for ease of wiring 

@ wide variety of coils for any circuit requirements; 
single or double wound 

e bifurcated stationary springs for independent con- 
tact action and high reliability; (single contacts also 
available) 

@ heavy duty bronze yoke and stainless steel bearing 
pin insure long life and stable adjustment 

@ single or double arm type armatures available 

e hermetically sealed models, if desired 

® operating speed: minimum of 1 to 2 milliseconds 


e@ contact points: gold, silver, 
other materials available 

e residual: adjustable 

@ time delay: heel-end slugs and armature-end slugs 
for release time delay and operate time delay, 
respectively 

@ terminals: slotted 

e@ weight: Net, 214 oz. 

@ dimensions: 2-1/4” L x 1-1/8” W, ranging in height 
from 17/32” to 1-1/16" (max.) 

@ operating voltages: up to 220 V.D.C. 


palladium, tungsten; 


Behind the superior reliability and design of 
Kellogg’s type “L” relay are more than 60 years 
of experience as a leading producer of telephone 
equipment. And as the communications division 
of International Telephone and Telegraph Cor- 
poration, Kellogg has the research talent of 3500 
engineers and technicians at its disposal. 

Inquiries are invited. Send for a free catalog on 
relays and other components manufactured by 
Kellogg. . 

Kellogg Switchboard and Supply Company, 
6650 South Cicero Avenue, Chicago 38, Illinois. 
Division of International Telephone and Tele- 
graph Corporation. 





KELLOGG 


CHICAGO, ILLINO/S 


Communications Division of 


Ti 





Manufacturers of: Relays ¢ Hermetically sealed relays ¢ Switches ¢ Solenoids 
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SGGAX 


MERCURY VAPOR RECTIFIER 
with 
these 
Amperex 


EXTRAS: 


e threaded removable plate cap 

e improved heat dissipation 

e compact bulb size 

e no loose base problems 

e direct interchangeability with 
the 866 


MAXIMUM OUTPUTS IN TYPICAL CIRCUITS 


AC oc Max. DC 
input Output Load 


| a 
Volts | Volts to Current 
RMS Filter | Amps. 








Singlie-Phase Full Wave 
(2 Tubes) 

Single-Phase Full Wave 
Bridge (4 Tubes) 
Three-Phase Half Wave 
(3 Tubes) 

Three-Phase Double 
Y-Paraliei (6 Tubes) 
Three-Phase Full Wave 
(6 Tubes) 


3535° 3180 5 


7070t 6360 5 


4710t 4780 75 


4080; 4780 1.5 





4080; | 9570 75 

















*per tube ttotal tper leg 


Other Amperex rep/acement favorites: 


5894 High-sensitivity VHF/UHF twin 


tetrode; 40 W anode dissipation 


High-sensitivity VHF/UHF twin 
tetrode; 14 W anode dissipation 


Miniature UHF twin tetrode; 
5 W anode dissipation 


High-sensitivity beam power tube 


6360 
6939 


6146 


ask your distributor 
, about extra-quality 


Sooty 


vv ce Amperex 


LETS ™ 


S H c 


replacement tubes 


Amperex ELECTRONIC CORP. 
230 Duffy Avenue, Hicksville, L. |., N. Y. 
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| draulic servo valves. Includes 2 


load cells, resistance thermometers, 
pressure transducers, or other resistance 
bridge transducers. Describes in detail 
how resistance bridge indicator (RBI) 
is set up to provide a visual digital 
display with readout in any desired 
units: e.g., micro-inches per inch for 
strain gages; pounds, tons or ounces for 
load cells. Datran Electronics. 688 





DIGITAL TEST EQUIPMENT — Data | 
folder, 


prices 


and | 


providing specifications 
for transistorized digital test 
equipment, describes 10 of the com- 
pany’s standard building blocks which 
can be used in a wide variety of test 
use of patch 
Digital Equipment Corp. 


cords. 


> 689 


set-ups through 


PULSE TRANSFORMERS Pulse trans- | 
former catalog lists specifications for 
6 popular types of miniature and sub- 
miniature pulse transformers. Cutaway 
drawings show how these transformers 


| are constructed, and indicate the com- 
| parative importance of various types 


of materials used in completed unit. 
Acme Electric Corp. 


MAGNETIC AMPLIFIERS — Four-page 


Bulletin No. 401-A describes 400 cps 


precision magnetic amplifiers used for | 


such applications as missile guidance. 


| industrial controls. monitoring systems. 


electro-hy- 
9s) 


nuclear measurements and 


pages of 


| drawings showing basic circuits. tvp- 


|} motor 





| charts. Electro Motive Mfg. Co. 


ical applications. Acromag, Inc. ~>691 
SYNCHRONOUS MOTORS —Revised edi- 
tion of Catalog ET-4 includes detailed 
data on over 200 representative syn- 


chronous motor designs, many recently | 


Technical information 
theory and application of all types of 
synchronous motors is provided. Quick- 


developed. on 


reference tables used to provide detailed | 
specifications on electrical, physical and | 


performance characteristics for each 
type. Electric 
pany, Inc. ->692 
MICA CAPACITORS—Six-page folder 
includes descriptive data on the DM15, 
DM16, DM19, DM20, DM30 and 35. 
DM40, DM42 capacitors. Specifications 
blueprint drawings of the 
Dur-Mica capacitors, with 
crimped leads or straight leads; full 
capacity vs dimensions. capacity and 
voltage range tables, plus temperature 
coefficient and capacitance drift limit 
>693 


include 
various 


| MAGNETIC CORE TESTING —Twelve- 
| page Bulletin MM-2. “Testing of Rec- 


Hysteresis Loop Magnetic 
includes an analysis of the 


tangular 
Cores.” 


| parameters of core characteristics and 


690 | 


Indicator Com- | 


IT’S NOT 
“HOW THIN” 


ae 


BUT 
HOW EXACT! 





With the recent trend in strip metal 
towards thinner and thinner gauges, 
Somers, a pioneer in thin strip for 
nearly 50 years, is naturally among 
the leaders in rolling ultra-thin strip. 
But in addition to rolling production 
quantities of strip as thin as can be ob- 
tained anywhere in the world, Somers 
utilizes exclusive techniques and equip- 
ment to make sure that every foot 
of metal is up to the most exacting 
standards. 


1. Accu-Ray nuclear 
gauging to assure ab- 
solute uniformity of 
thickness throughout. 


2. Unique rolling mill 
for strip from .001” 
down, makes possible 
extremely close con- 
trol of the final pre- 
anneal temper, and 
uniform accuracy of 
the final temper. 


3. Experience exclu- 
sively with thin strip 





metals gives Somers 
an unmatched back- 
ground in engineering 
ultra-thin strip to meet 
all special require- 
ments 


NEARLY 
FIFTY 
YEARS 














the test requirements that must be met 


ly 


Somers Brass Company, Inc. 
112 BALDWIN AVE., WATERBURY, CONN. 
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a wide selection... 


restricted and standard s 
cold rolled strip steel 


FRUIL LY BLIND | 


Let’s examine this “Full Line” product list 
of cold rolled strip steel. At J&L it includes 
all carbon grades, coated and uncoated, 
alloy, stainless and tempered spring steel. 
It offers all thicknesses from .001” or less 
to .156” or more, in widths from 14” to 
24”—and tolerances for gauge and width 
closer than standard when required. There 
are “Full Line” advantages, too, in a range 
of controlled tempers and structures pos- 
sible only with the variety of annealing, 


J&L STAINLESS and STRIP DIVISION pro- 
duces a full line of restricted and standard 
specification strip steel in these grades 
and types: 


Low Carbon 

High Carbon 
Tempered Spring Steel 
Electrolytic Zinc 

Alloy 

Stainless 
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heat treating and rolling processes found 
at J&L. 

Your “Full Line” benefits can start by 
specifying J&L because only J&L makes 
standard and restricted specification cold 
rolled strip steel in such a wide range of 
analyses, grades and sizes to accurately 
meet the most exacting need. 

For Strip Steel, call the Strip Steel Spe- 
cialist — J&L. 


STEEL 


Jones & Laughlin 


STEEL CORPORATION 
STAINLESS and STRIP DIVISION 


YOUNGSTOWN 1, OHIO 


Circle 202 on page 17 





“JIC” Enclosed wiring troughs 


It pays to figure on 


2G —@ 2 ee. 


liquid-tight “JIC” wiring enclosures 


Keystone now offers a complete line of “JIC” 
wiring enclosures designed to provide positive, 
sealed protection against dust, dirt, oil, water 
and coolants! You'll find liquid-tight wireways, 
fittings, troughs, boxes and cabinets in a wide 

“JIC” Terminal and ‘ange of sizes to meet your exact needs—all 

Pull Box Enclosures produced to the electrical specifications of the 
Joint Industry Conference Standards. 


What’s more, when you want an item, you gef 
it—fast—from large stocks maintained at both 
factory and regional warehouses! In addition, 
Keystone offers a complete design and build 
service for producing custom enclosures to 
fulfill your special requirements! 


NEMA Type 12—“JIC” 
Control Panel Enclosures 
Oil-Tight 
Pushbutton 
Enclosures 


3 NEW CATALOGS—Contain complete 
information on the entire Keystone 
quality line. Send for your free set today! 7 


EYSTONE MANUFACTURING COMPANY 


23358 Sherwood Road e Warren, Michigan 
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to ensure selection of cores to specific 
levels of performance. The evolution 
of a practical and reliable testing sys- 
tem with details of the equipment in- 
volved is described. General Ceramics 


Cerp. > 694 


MOLDING COMPOUNDS—Bulletin No. 
18 covers physical, electrical and other 
properties of Dapon molding com- 
pounds. Dapon resin is a_ relatively 
linear partially polymerized diallyl 
phthalate polymer. Food Machinery 
and Chemical Corp., Chemicals & Plas- 


tics Div. > 695 


DIGITAL VOLT-OHMETER — Bulletin 
400A describes precision digital VTVM 
for lab and OEM use. Detailed specifi- 
cation table lists pertinent characteris- 
tics. Where terms may be subject to 
different interpretations, clarifying foot- 
notes are included. Theory of operation 
shown by means of a functional block 
diagram and a brief discussion. Frank- 
lin Electronics Inc. > 696 


CIRCUIT BREAKERS AND ENCLOSURES 

Catalog No. 1-125 contains 36 pages 
covering 4 general subjects: circuit 
breakers, enclosures, features, and ac- 
cessories. Circuit breakers described 
include: single pole (15 through 50 
amp); 2-pole (15 through 100 amp and 
switching neutral); and 3-pole (15 
through 70 amp and delta). For each 
unit, wiring diagrams and photos are 
given, together with detailed informa- 
tion on technical features and various 
applications. Enclosures covered are: 
load centers, NALP panelboards; split 
bus panels; main disconnect panels; 
and devices for special applications. 
Federal Pacific Electric Co. > 697 


PROGRAMMABLE POWER PACKS—A 
revised, up-to-date version of the origin- 
al bulletin “A New Approach to Prac- 
tical Control,” 8-page Bulletin 765A 
gives complete engineering data and de- 
scribes typical applications of Rega- 
tron programmable power packs. New 
models and revised specifications are 
included. Electronic Measurements Co.. 
Inc. > 698 


VOLTAGE REFERENCE SOURCES—Bulle- 
tin 95806 describes the 3 models of the 
reference source—the VR-607 portable 
decade unit, the VR-608 rack mounting 
decade unit, and the VR-607B portable 
binary model. Includes applications, 
operation, specifications, instrument 
functional diagram, and features. Epsco, 
Inc. 699 





Postcard return cards are provided on 
page 17 as a convenience to the reader 
in obtaining further information on— 
« New Components and Materials 
e Literature for the Design Engineer 
e Feature Article Reprints 
Advertised Products 











ELECTRICAL MANUFACTURING 





GLOBE MODEL VS / D.C. MOTOR 














TYPICAL MOTOR PERFORMANCE DATA 





TORQUE INCH.QUN' 
“ 


NEW FLAT MOTOR 


Globe Industries announces a new precision 
miniature d.c. motor, the smallest we have 
made. Like all Globe motors, it can be modi- 
fied easily and quickly to meet your electrical 
and mechanical requirements. It is called the 
VS, and takes its place with the SS, MM and 
LL in Globe's family of superb quality motors. 

The VS weighs 1% ozs., is % in. thick. A 
breakthrough in miniaturization, it can deliver 
.2 0z. in. of torque at 10,000 rpm and is the 
first precision motor of its size available. Mul- 
tiple units can be gang-mounted in modules. 

The fastest way to get full technical data 
on the VS motor is to phone or write direct: 
Globe Industries, Inc., 1784 Stanley Avenue, 
Dayton 4, Ohio, Telephone BAldwin 2-3741. 
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“lhe 
TIMER RELAY 
that handles all COIL 


controlled timing ENERGIZED 
problems ... 


% No false contacts 

% Non sticking 

% Practically fail safe" 
% Low cost timer 


Durakool 


STEEL MERCURY TIMERS 


This steel clad, factory set, tamper 
proof Durakool timer-relay is prac- 
tically non-breakable. Operating life 
multiplied 5 to 6 times by new 
plunger construction features. Com- 
binations of operate-release time de- 
lays from 0.15 sec. to 20 sec.—either 
normally open or normally closed 
action. 


COIL 
DE-ENERGIZED 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 
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AT LAST-The IDEAL 
BARRIER TERMINAL STRIP 


"HEAVIER HIGHER 
BODY BARRIERS 


MATERIAL BETWEEN BOTTOMS 
BARRIERS AT BASE CLOSED 


WIDER CAN BE IMPRINTED 
BARRIERS HERE 


JONES SOO SERIES 
LONGER— STURDIER 


Wider and higher barriers for increased creepage distances. Closed 
bottoms for complete insulation. Material between barriers at the base 
adds to the strength and maintains the same creepage distance between 
contact to contact and contact to ground. Can be imprinted here. No 
insulating or marker strip required. Three series—540, 541 and 542 
having the same terminal spacing as our 140, 141 and 142 series. 
Complete listing in the new Jones No. 22 catalog. Write for your 
copy today. : 


KNOCKOUTS FOR 
Y TERMINALS 


HOWARD B. JoNneES DIVISION 


iat Eee ween Cen een aE nemeialel & tel © Gale). 


= 


T RT 
7 F t i ‘ 


SUBSIDIARY OF UNITED-CARR FASTENER CORP 
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Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


ALLOY WIRES HANDBOOK—A 75-page 
handbook containing characteristics, ap- 
plication formulas and data, comparison 
and conversion tables and factors, and 
graphs is available on electrical resist- 
ance alloy wires, thermocouple alloy 
wires, pure nickel and nickel-manga- 
nese wire furnished by A. C. Scott & 
Co. Ltd. of England. Booklet may be 
obtained from Julius Plaut, 1170-4 
Broadway, New York 1, N. Y. 


DYNAMOMETER DESIGN BOOK—Spe- 
cial design and application booklet of 
81 pages on dynamometers contains a 
host of on-the-job illustrations showing 
how portable traction load measuring 
dynamometers can be built into special 
test equipment. Examples include how 
to make spring testers, check structural 
deflection, or measure motor torque. 
Each example includes pertinent engi- 
neering data. Bound in stiff covers. 
Available to design engineers at 50¢ a 
copy with letterhead request to W. C. 
Dillon & Co., Inc., P. O. Box 3008, Van 
Nuys, Calif. 


MAGNETIC AMPLIFIERS—By means of 
text and diagrams, 36-page bulletin 
1105-1 explains the principles of mag- 
netic amplifiers. Cutaway drawings and 


| exploded views provide details of design 


and construction. Performance curves 
illustrate operating characteristics. Sim- 


| plified schematic drawings show how 
| the amplifier is incorporated into such 


equipment as theater dimmers, auto- 
pilots, servo systems, speed regulators, 
boiler control systems and_ others. 
Available on company letterhead re- 
quest from Vickers Incorporated, 
Electric Products Div., 1815 Locust 
St., St. Louis 3, Mo. 





Postage return cards are provided 
on pages 17 to 19 as a conveni- 
ence to the reader in obtaining fur- 
ther information on— 


New Components and Materials 


Literature for the Design Engi- 
neer 


Feature Article Reprints 
Advertised Products 
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Illuminated Push Button. 
Combines pilot light and push 
button in one unit. Oiltight 
Bulletin 800T. 


Push-to-Test Pilot Light. 
Oiltight Bulletin 800T. 


STANDARD DUTY 
peel tite) Ge jf Nile), 1) 


OMLTIGHT CONTROL STATIONS 


YW @rciavie 


1, Control Units 


for every industrial application 


Among the many hundreds of Allen-Bradley push 
button and control units, you are certain to find the 
types best suited to your particular needs. The seven 
units shown below are a few of the latest additions to 
the Allen-Bradley quality line of control units. 

All Allen-Bradley control units—standard duty, 
heavy duty, and oiltight—have double break, silver 
alloy contacts—to assure reliable operation. Simple 
constructions and generous wiring room are outstand- 
ing features. Insist on Allen-Bradley control units 
for all of your equipment—you can’t go wrong! 


Encapsulated Pilot Light. 
Oiltight Bulletin 800T. 


Time Delay Push Button. 
Delay is adjustable from 0.5 
second to 5 seconds. Oil- 
tight Bulletin 800T. 


Encapsulated Pilot 
Light. Heavy Duty 
Bulletin 800. 


Double Circuit Push But- 
. ton. Has 2 N.O. or 2 N.C. 
Four-way or Two-way 2 | 4 contacts. Oiltight Bulletin 
Selector Switch. Oil- ‘_~ 800T. 
tight Bulletin 800T. 


ALLEN-BRADLEY OFFERS the most com- 

plete line of standard duty, heavy duty, and 

oiltight control stations on the market. Send 
for Publication 6090 today. 


INA ANES:9,¥,0D) Ob 
MOTOR CONTROL 
=QUALITY 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 














‘A new “quality” standard 


for small REVERSING Ee 
DRUM SWITCHES =e 





AB 


GOOD-LOOKING 
AND GOOD 
“FEELING” 

DIE CAST HANDLE 


EASILY ACCESSIBLE 
MOUNTING HOLES 


MERELY LOOSEN 
SCREW AND SLIDE 
PLATE to change from 
momentary to 
maintained contacts 
—or vice versa 


INDEPENDENT 
SWITCH MOUNTING 
prevents misalignment 


HEAVY CONTACT 
SURFACES for 
long operating life 


TWO CONDUIT 
OPENINGS 


NEW OILTIGHT COVER PLATE 
FOR CAVITY MOUNTING 


a r 
-~ 
sf 
ay 
os 
















hwy 








WRAP-AROUND 
COVER 

gives complete 
access to drum 


SINGLE SCREW 
COVER MOUNTING 
—screw cannot 

fall out 


RN ACCESSIBLE SCREW 


TERMINALS for 
front wiring 


RAISED EDGE 
for base mounting 
without spacers 


maximum rating 
2 horsepower 


This all-new Allen-Bradley reversing drum switch was designed 
to keep pace withthe mechanical sin ‘auty designed into so many 
of the modern machine tools. 

The Bulletin 350 reversing switch is equivalent to a three- 
pole, double throw switch . . . and can be used with d-c motors; 
or single phase, two phase, or three phase a-c motors. 

Investigate the Bulletin 350... the new leader of its class... 


in appearance, ease of installation, and operating life. An Allen- 
in every sense of the word. Send for 


Bradley quality switch... 
descriptive bulletin. 


ALLEN - BRADLEY 


MOTOR CONTROL 
S WUALITYS — 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada—Allen-Bradley Canada Ltd., Galt, Ont. 





from 


ICKERS. 


(=F: To [V6 

in power 
rectifiers 
since 1947 


‘2, 8, and 12 ampere units 
(EULER, 


eebeees 


vs > ' 


SILICON POWER RECTIFIERS 


JANI 


ARY 1959 


with these outstanding advantages 


GREATER RELIABILITY .. 


uniformity are consistent in the entire line. 


. Quality and 
There’s no 
need to compensate tor differences in performance 
characteristics 


SUPERIOR REVERSE CHARACTER- 
ISTICS... Precise manufacturing techniques virtu- 
ally eliminate impurities. Rectifiers maintain excellent 
and stable reverse characteristics at all temperatures. 
(voltages up to 800 p.i.v.; leakages in the | micro-amp 


range) 
LOW FORWARD DROP... 


less than one volt at full current ratings. (Approximately 
0.8 volt at operating temperature) 


Forward drop 


BM HIGHER INSULATION RESISTANCE 


. Tough epoxy coating provides improved external 
leakage path with a high degree of surface resistivity . . . 
euards against flash-over, even under very humid con- 
ditions 
MORE CURRENT PER DOLLAR .. 
Vickers rectifiers have up to 25% higher current rating 
than other rectifiers of similar size and price 
FAST-COMPETENT SERVICE ..... Im. 
mediate deliveries on receipt of order. Skilled application 
engineering backed by many years of rectifier experience 


Send for Series 3300 Bulletins for complete information 
on Vickers Silicon Power Rectifiers 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET 


SAINT LOUIS 3, MISSOURI 
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another 
unique 


y ne alloy 
/ component 


PARTING LINE 
— 
N 
\ ‘ 
ry. (Cf 





| 
z 240 | 


GRC CUTS TINY BUSHING 


COST TO *2.00/ 


Die cast by GRC in zinc 
former screw machine part 


alloy in a single automatic operation, 
for a ball point pen, now costs little 
than $2.00 per thousand in lots of a million. Each bushing is uniform, 
clean and accurate—no cut-off marks, no burrs 


and no scrap loss. Typical of the production economies and wide 


latitude which GRC’s exclusive 
on parts “‘no bigger than 


long, '% oz 


Simple or complex, 
you on tiny 
on their 


stock  -die 


screws, cap 


your thumbnail.”” (Maximum size 


0 small) 


let GRC’s unique techniques go to work for 


] 


die cast i plas ed parts made to order 
wide variety of standard parts available 
east wing and round head thumb nuts 
nuts 


you'll be glad you did 


Write, wire, phone TODAY for 


. } 4 
Send prints or specs for quotation Ree 


GRIES REPRODUCER CORP. 


bulletins, spec 


149 Beechwood Avenue, New Rochelle, N.Y. °* 


sheets and prices 


r 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10 H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or ‘Servo’ 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


ewoqpeed DIV. of ELECTRO DEVICES, Inc. 
4 Godwin Ave. Paterson. N. J. 
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no secondary trimming 


patented methods have made possible 


molded nylon screws, gears and pinions 


NEw Rochelle 3-8600 


Book Reviews 


Gear Ratios For 4-, 6- and 8- 
Gear Combinations. By Earle Buck- 
ingham. The Industrial Press, 93 
Worth St.. New York 13. N. Y. 95 


pages. $5.00. 


New tables of pairs of consecutive 
factorable numbers from 1000 to over 
10.000 are the principal feature of this 
book. These tables, together with their 
ratios and reciprocal ratios, provide a 
simple and direct means for putting 
together 4-. 6-. and 8-gear combina- 
tions to obtain specified ratios. 

Part | gives worked-out examples of 
how gear ratio calculations are accom- 
plished using the tables in Parts IIT and 
Iii: Part Il consists of tables of con- 
secutive factorable numbers from 1000 
to over 40,000, together with thei 
ratios and reciprocals of their ratios: 
Part III consists of Brocot’s tables of 
gear ratios listing all ratios obtainable 
with any combination of two gears. 
each of which has 120 or less teeth: 
Part IV discusses important factors 
other than ratio that enter into the 


design of gear trains. 


Elevated Temperature Properties 
of Chromium Steels, STP 228. 
ASTM Headquarters, 1916 Race St 
Philadelphia 3, Pa. 124 pages, $4.25 


[his report includes data on_ tensile 
strength. vield strength. elongation. 
rupture and creep properties. Twenty- 
three allovs are covered, ranging from 
12 to 27 per cent chromium. 

This is one of a series of reports on 
elevated temperature strength prope: 
ties of various metallic materials. Data 
in this report came principally from 
data sheets supplied by cooperating 
laboratories. This book should be of 
particular use for engineers and de 


signers in the field of metals. 


Machinery’s Mathematical 
Tables 
Edited by Holbrook L. Horton. The 
Industrial Press, 93 Worth St.. New 
York 13. N. Y. 254 pages. $3.75. 


This book is an enlarged version of 
a book which has served readers for 
almost 30 years. It contains easy-to-use 
tables photographed directly from the 
pages of Machinerys Handbook and 
places in the hands of mechanical en- 
gineers, machine designers and drafts- 
men authoritative mathematical tabular 
information in one volume. 

Its use has been simplified by an edge 
index which permits the user to flip 
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(Advertisement) 


Special Reports 
On Finishing Non-Ferrous Metals 


NUMBER I1—Paint Base, Corrosion- 
Resistant Finishing with Iridite 





required. 





® 
WHAT IS IRIDITE? 


Briefly, lridite is the tradename for a specialized line of 
chromate conversion finishes. They are generally applied 
by dip, some by brush or spray, at or near room tem- 
perature, with automatic equipment or manual finishing 
facilities. During application, a chemical reaction occurs 
that produces a thin (.00002” max.) gel-like, complex 
chromate film of a non-porous nature on the surface of 
the metal. This film is an integral part of the metal itself, 
thus cannot flake, chip or peel. No special equipment, 
exhaust systems or specially trained personnel are 








Chromate conversion coatings are well 
known and accepted throughout industry 
as an economical means of providing cor 
rosion protection, a good paint base and 
decorative finishes for non-ferrous metals. 
However, continued developments have 
been so rapid and widespread that many 
manufacturers may not be completely 
aware of the breadth of application of this 
type of finish. Hence, this digest of cur 
rent information; to bring you up to date 
on the many ways in which you can ob 
tain proper surface preparation for paint 
ing and increase product durability with 
a single multi-purpose chemical pretreat 
ment. Report I on decorative, corrosion 
finishes and Report III on 

polished, 


resistant 
chemically corrosion-resistant 


finishes are available on request. 


First, it is an accepted fact that metal 
surfaces should be prepared before paint 
ing to make possible an efficient paint sys 
tem. Naturally, this preparation should 
provide for good initial paint adhesion. 
Chemical treatments have proved extreme 
ly effective in this respect, particularly 
those of a neutral or preferably acid na 
ture. Further, to be most efficient, chem 
ical treatments should provide a non-por 
ous barrier to maintain adhesion by sealing 
the metal from the paint and moisture. 
They should also provide a self-healing 
film which prevents lateral corrosion in the 
event that bare metal is exposed through 
scratching. 


The Iridite chromate conversion coat 


ings meet all these requirements. Iridite 
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is a chemical conversion treatment for sur 
face preparation. It provides initial paint 
bonding by molecular adhesion. It is acid 
in nature and produces a film that is gel 
Thus, 
the Iridite film effectively seals the metal 


like and non-porous in structure. 


from the paint and from moisture penetra 
tion. Because the film contains certain 
relatively soluble constituents, it will pro 
tect areas scratched through to bare metal 
and prevent lateral corrosion. This is 
accomplished by a gradual leaching of 


these constituents into the damaged area. 


Further, because of its gel-like, non-crys 
talline nature, the Iridite film will not 
affect the appearance or texture of the 
paint film, nor will it dust or powder to 
mar the painted surface. Because the 
film is non-porous, paint coverage is in 
creased, thus substantial savings in paint 
costs will be realized. In addition, treated 
parts may be stored for long periods of 
time prior to painting without the risk of 
entrapped moisture 


causing blistering 


when painting. 


Iridite chromate conversion coatings 
are widely used with equal ease and suc 
cess under both baked and air-dried paint 
systems. While the actual adherence prop 
erties of the Iridite film do not increase 
appreciably with its thickness, corrosion 
protection does. The protection of the 
Iridite film is proportionate to its thickness 
and should be taken into consideration 
when selecting the Iridite to meet your 
needs. However, it is sometimes necess 
ary to sacrifice maximum corrosion pro 
tection for appearance when a finished 
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part is to be only partially painted. For 
example, it may be desirable to use a thin, 
clear, bright Iridite film if the unpainted 
areas must present a chrome-like appear- 
ance. A typical case is that of instrument 
housings on which the exterior is painted 
and the inside left unpainted. 


On the other hand, if all surfaces of the 
product are to be painted and maximum 
corrosion protection is required, the heav- 
ier and most protective Iridite films should 
be used. For example, all surfaces of zinc 
die cast fruit juicers are finished with a 
highly protective Iridite film prior to paint- 
ing to provide maximum resistance to the 
corrosive action of fruit juices 


Iridite finishes are now available for all 
commercial forms of the more commonly 
used non-ferrous metals, including zinc, 
cadmium, aluminum, magnesium, silver, 
copper, brass and bronze. In addition to 
providing an excellent base for paint, the 
Iridite films also have high decorative val- 
ue when used as final finishes in them- 


selves. 


These films can produce a wide variety 
of pleasing appearances including clear 
bright, iridescent yellow, bronze, olive 
drab and brown. In addition, many films 
can be modified by bleaching or by dyeing. 
Among the dye colors available are var- 
ious shades of red, yellow, green, blue or 
black. 


In planning or designing, you should 
consider the many other characteristics of 
Iridite finishes which may enter into the 
specific problem. In addition to their func 
tions as protective and decorative finishes, 
and as bases for organic finishes and bond 
ing compounds, Iridites have low ele 
trical resistance. Some can be _ soldered 
and welded. The film does not affect the 
dimensional stability of close tolerance 


parts. 


Iridites are widely approved under both 
Armed Services and industrial specifica 
tions because of performance, low cost and 


savings of materials and equipment. 


You can see then, that with the many 
factors to be considered, selection of the 
Iridite best suited to your product requires 
That's why 
Allied maintains a staff of competent 
Field Engineers 


Iridite to make your installation most 


the services of a specialist. 
to help you select the 
efficient in improving the quality of your 


You'll find your Allied Field 


Engineer listed under ‘Plating Supplies’ 


product. 


in your classified telephone book Or 
write direct and tell us your problem 
Complete literature and data, as well as 
processing, is available 
4004-06 


sample part 
Allied Research Products, In« 
East Monument Street, Baltimore 
Maryland. 





Send for vour free copy of our new: 20-page Facilities Report 


REQUIRED 
PRECISION... 


and got it from 
CONSOLIDATED 


This 12” x 15” phenolic “‘*Memory Frame” for IBM 
was plunger molded in one piece with 440 wire ter- 
minal inserts. Later, strung with copper wire con- 
taining a series of 8,000 ferrite magnetic cores, these 
frames are stacked one atop the other and wired 
together in conjunction with other components to 
give IBM’s 705 Data Processing System a “*memory” 
capacity of 40,000 characters. 

Dimensionally stable frames that would withstand 
dip soldering at extra high temperatures were a 
necessity. They could not bow or crack, nor could 
there be more than minimum after-shrinkage or ex- 
pansion once assembly was completed. 


For more than 80 years 
we have been filling exact- 
ing plastics orders for the 
nation’s blue chip com- 
panies. Before you discard 
any design you feel can’t 
be molded in a plastic, call 
Consolidated. 


CONSOLIDATED 
MOLDED 
PRODUCTS 
CORPORATION 


“Your Blueprint 
in Plastics” 
Since 1874 


346 Cherry St., Scranton 2, Penna. 
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quickly to a desired place by consulting 
the index on the front flyleaf. 

In addition to the material in the 
original edition are tables of natural 
logarithms, logarithms of trigonometric 
functions, English and metric weights 
and measures, English and metric con- 
version tables, geometrical propositions 
and constructions, and dimensions, 
areas, and volumes of plane and solid 
geometrical figures. 


Symposium on Elevated Temper- 
ature Strain Gages, STP 230. 
(American Society For Testing Mate- 
rials, 1916 Race St., Philadelphia 3. 
Pa. 163 pages, $4.50. 


This symposium includes 14 papers and 
panel discussion by 10 speakers cover- 
ing many aspects of elevated tempera- 
ture strain gages. Subjects covered: 
several types of strain gages, including 
resistance wire, metal film, foil and 
optical; gage alloys: bonding agents: 
and temperature compensation — tech- 
niques. 

The shortcomings of the resistance 
gage at elevated temperatures are well- 
documented in the symposium. This is 
a valuable contribution to the literature 
on strain gages, covering many aspects 
of their use not available even from 
gage manufacturers. 

The symposium was held at the 
Naval Air Material Center, Philadel- 
phia, December 4 and 5, 1957, to dis- 
seminate information concerning the 
work in progress at the Aeronautical 
Structures Laboratory and the labora- 
tories associated with it. 


The Metal Thorium. American So 
ciety for Metals, Technical and 
Engineering Book Dep’t., 7301 Eu- 
clid Ave.. Cleveland 3, Ohio. 397 
pages. $10.00. 


Dual emphasis is given practical en- 
gineering problems and _ techniques. 
and theory and research in this book. 
It is intended as a reference source 
on all that is new and known about 
thorium as an energy source and as 
a metal with broad industrial applica- 
tion possibilities. 

The book’s 22 chapters, by 36 ex- 
perts, cover thorium in both nuclear 
and non-nuclear aspects. including 
discussion of the role of thorium in 
magnesium technology. 

Practical subject matter includes 
preparation of thorium oxide and 
iodide thorium, development of tho- 
rium tetrafluoride, the calcium process. 
fabrication and cladding, and consum- 
able-electrode arc melting. 

More theoretical, but equally valu- 
able, are such topics as thorium’s elec- 
tronic structure, mechanical properties. 
metallography of thorium and its spec- 
tographic analysis. 
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Another New and Better Product 
developed by FANSTEEL Research 


Fansteel Introduces 


CAST-BOND Electrical Contacts 


For Heavy Duty Circuit Breakers and Switchgear 


If you are now using, or plan to use, electrical contacts 
in high current applications, this announcement of 
Fansteel’s new Cast-Bond contacts is important to 


you because now you can be sure of: 


. « » maximum electrical conductivity PLUS ex- 
tremely high heat dissipation and maxi- 
mum resistance to arc erosion 


better thermal conductivity 


and greater mechanical bond strength. 


This latest Fansteel development completely elimi- 
nates braze failures—hecause there is no braze. Fansteel’s 
exclusive process casts the copper backing directly on 
to the contact material providing a continuous metal- 


to-metal bond. 


Cast-Bond contacts can be produced to your specifica- 
tions at costs generally lower than the conventional 
brazed unit, because the internal machining of the 


mating surfaces of contact and backing is eliminated. 


Cast-Bond contacts are available in most grades of 
copper-tungsten Fastells. A variety of shapes and sizes 


can be produced. 


Get the complete story in our new Technical Data 
Bulletin 7.110—better still, send us samples of the 
contacts you are now using and let our engineers 
determine if a new Cast-Bond contact won't give you 


more efficient and reliable performance at less cost. 


Electrical Contacts and Specialties Division 


FANSTEEL METALLURGICAL CORPORATION, Nosrth cHicaco, ILLiNOls, U.S.A 
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MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings, Inc. 


WHY CLASS ABEC 7 BEARINGS? 


Improved Running Quality in critical ap 
plications is the reason why the Ar 
nular Bearing Engineers Committe« 
of the Anti-Friction Bearing Manu 
facturers Association, Inc., has estab 
ished Class 7 as the highest United 
States standard for manufacturing 
tolerances of miniature bal] bearings 
Originally available only on orde: 
and at premium prices because of se 
lection from ABEC 5 production runs 
... ABEC 7 bearings are now offere: 
by New Hampshire Ball Bearings, 
Inc., as its minimum standard 

at no extra charge. 

An item-by-item comparison of 
ABEC 5 and ABEC 7 standards 
clearly shows how closer tolerances 
improve running quality. 

(COMPARATIVE CHART) 


MEASUREMENT 





TOLERANCES 
ABEC 5 ABEC 7 
Radia! Runout (T1R) Max 0002” 0001”* 





Side Runout with Bore 0003” 0001” 
0.D. Runout with Side 0003” 00015” 
Parallelism of Sides 0002 0001” 


Groove Parallelism 0002’ 0001” 
with Sides 


Groove Parallelism 0003” 0002” 
with Sides 


Bore (1.D + .00000” .00000” 
0002” | —.00015” 
0.0 00000”} +-.00000” 
0002” 00015” 
Width (individual Rings) | + .000” + 000” 
005” 001”** 























*ABEC 7 allows .0002” radial runout for outer 
ring. We hold it to .0001” 
**ABEC 7 allows 005’ 


Radial Runout the sum of a ring’s 
out-of-roundness and eccentricity 
is functionally important. In critical 
high-speed applications, it affects bal 
ance and true running. In precise gea 
trains, it affects backlash and some 
times angular velocity ratio. In closely 
designed synchros and similar elec- 
trical equipment, it affects air gap 
control. Since most bearings operat 
with inner ring rotation, you’ll notice 
that ABEC 7 cuts the ABEC 5 allow 
ance in half . from .0002” max. to 
0001”. For the outer ring ABEC 7 
makes no change from Class 5’s .0002” 
max. However, modern race grinders 
work to a nominal zero runout and 
.0001” max. may usually be expected. 
Our inspection tolerance, therefore, is 
.0001”". This gives outer-ring rotatior 
applications the same advantages as 
for inner-ring rotation. 

Perpendicularity of raceway planes to 
axis of rotation is a highly desirablk 
feature. Its probability is determined 
by the interrelationship of Side Run 
out with Bore (Inner Ring), O. D. 
Runout with Sides (Outer Ring), 
parallelism of sides and groove par 


NEW HAMPSHIRE BALL BEARINGS, INC., 


allelism with sides of both rings, when 
bearings are properly mounted and 
seated. If raceway planes are not 
perpendicular to the axis of rotation, 
stresses and torque peaks will be de- 
veloped within the bearing because 
of this misalignment unless radial 
clearance and enlarged raceway cur 
vature are sufficient to compensate. 
This effect may be observed in clamped, 
preloaded duplex bearings by shifting 
the relative position of the rings, re 
clamping and feel-testing. f 
Notice that the five perpendiculari- 
ty features (2 through 6 in the chart) 
have much lower allowances in ABEC 
7 than in ABEC 5. These differences 
in angular inaccuracy mean much in 
running quality as bearings become 
smaller. For example, non-parallelism 
of .0002” on a 38” O.D. (R 2 bearing) 
represents an angular error of about 
2 minutes. But, on a 3/16 O.D. (R 1 
bearing), the same allowance means 
4 minutes of angular error. That’s 
why ABEC 7 reduces allowances by 
one half or more. The importance of 
minimizing angular error is also re- 
flected in the AF BMA tables of allow- 
ances, which are generally reduced 
within each class as size of bearing 
Is reduced. 
Envelope Tolerances (7, 8, and 9 in the 
chart) make little or no difference in 
running quality. The only ABEC 
change is from bore tolerance of plus 
0, minus .0002 in Class 5 to minus 
.00015 in Class 7. This permits mount- 
ing bearings to a narrower spread of 
fits. Although ABEC 7 allows the 
same O.D. and width tolerances as for 
ABEC 5, we have reduced O.D. tol- 
erance to plus zero, minus” .00015” 
and, together with other manufac 
turers of instrument bearings, have 
reduced width tolerance to minus .001. 
The latter minimizes variation in 
axial spacing of assemblies. 
Other Factors that affect running quality 
of bearings are not covered by ABEC 
standards. They include: truth of 
raceway geometry, surface finishes, 
retainer design and finish, radial and 
axial play and some ball qualities. 
These are 
handbook. 


DESIGN HANDBOOK 
OFFERED FREE 


You’ll find this up-to- 
the-minute, authorita- 
tive 70-plus-page pub- 
lication a great help 
in designing instru- 
ments or small electro- 
mechanical assemblies. 
Write to New Hamp- 
shire Ball Bearings, 
Inc., Peterborough 1, 
N. H. 


PETERBOROUGH 1, NEW HAMPSHIRE 


) 
] 

I] 
- 


discussed in our design 


Micro Bearings 
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Engineering 
Standards 








ASA Standards 
The following ASA standard is avail- 
able: 
American Standard Z17.1 (revised) 
Preferred Numbers, $1.00 


Also available are two international 
standards in this field: 
ISO Recommendation R3, 


Numbers and 
Numbers. 80¢ 


Preferred 
Series of Preferred 
ISO Recommendation R17, (juide to 
the Use of Preferred Numbers and 
of Series of Preferred 
$1.20 


Numbers. 


Preferred numbers are a geometric 
series in which each number is a given 
percentage larger than the preceding 
one. These numbers are offered as a 
standard guide for the use of designers 
and engineers to provide a logical series 
of steps for such significant design fea- 
tures as length. area, volume. weight, 
performance, capacity and ratings. 

Copies are available from American 
Standards Association, Dept. PR 29, 


70 East 45 St.. New York 17, N. Y. 


EIA Standards 


Four new recommended ELA Standards 
are available: 


RS-186-A—Standard Test Methods 
for Electronic Component Parts (this 
Standard, from Standards Proposal 
Nos. 562 and 577, is a revision f 


RS-186). $1.70 
RS-191-A 


interelectrode 
Standard, from Standards Proposal 
No. 579, is a revision of RS-191). 
$1.50 

RS-214 Method for Cal ulation of 
Current Hookup Wire 
(this Standard, from Standards Pro- 
posal No. 568, is new material). 60¢ 


RS-215—Basic Requirements for 

Broadcast Microphone Cables (this 

Standard, from Standards Proposal 

Nos. 574 and 585, is a revision of 

TR-130). 25¢ 

Copies may be obtained from the 
EIA Engineering Department, 11 West 
42 St., New York 36, N. Y. 


Direct 
Capacitances (this 


Measurement of 


Ratings on 
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Ala Precisiom 


Cerin“ OLLEO SrRirP Sreet 


For Precision Products Of Strip Steel Use Engineered Quality 


Jones and Laughlin Precision Cold-Rolled Strip Steel is 


produced to your specifications . . . designed to meet your 
particular fabricating requirements. The first cost is not 
always the most important .. . the end-product cost is the 
important consideration. By using J&L Precision Cold-Rolled 
Strip Steel, you may find, as others have, that your labor and 


machine costs can be reduced. 


J&L Strip Steel is more than just another cold rolled strip 
steel. It is a specialty product produced by a specialty oper- 
ation accustomed to working with unusual specifications. A 
precision product is usually needed to produce an unusual or 
special end-product. 


Jones & Laughlin Steel Corporation - STAINLESS and STRIP DIVISION 


J&L Stainless and Strip Division produces a full line of restricted and standard 
specification strip steel in these grades and types: Low Carbon * High Carbon 
Tempered Spring Steel * Electrolytic Zinc * Alloy * Stainless 


Let us engineer quality into your product. 


Youngstown 1, Ohio 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 








New 


Components 
and Materials 


A staff compilation of the latest developments 
design-in use in electrically operated end products 


screened for 
complete 


with all released specifications and available application data. 


IN-LINE INPUT 
TRANSFORMER 


Transformer is designed to be inserted 
in cable circuit and is ruggedly built 
to withstand mechanical abuse. Mu- 
metal and electrostatic shielding im- 


prove signal-to-noise ratio. 20 to 20 ke 
+2 db response assured. 

Size: 14g in. diam x 2%, in. long. 
Weight 11 oz. Supplied with 6 in. 
shielded microphone cable and mates 
with Amphenol 91-PC-4F plug. Micro- 
tran Co., Inc., 145 E. Mineola Ave.. 
Valley Stream, N. Y. ->479 


HIGH-TEMPERATURE 
THERMAL RIBBON 

Thermal ribbon Model S6A_ for tem- 
perature measurement and control ap- 
plications to 260 C is less than 0.020 


14 x 4 in. Is 


furnished with pressure-sensitive tape 


in. thick and measures 


for installation on flat. curved. or ir- 
regular surfaces. 

Resistance is 676 ohms at 25 C, 
varying at a rate of 3.06 ohms per 
deg at 25 C. 

60 to 


ribbon for quick conversion of resist- 


A calibration curve from 
+-260 C is furnished with each 


ance measurements to temperature. 
Minco Products, Inc., 740 Washington 
Ave. No., Minneapolis 1, Minn. ~>480 


THERMOSTAT FOR 
PRECISION APPLICATIONS 


The M201 can be used where space 
and weight accommodations are lim- 


ited. Overall diam aprox °%, in. and 


ACTUAL SIZE 


weight only 4 gm. Switch action is 
SPST with double-contact make and 
break. Actuating element is the thermal 
disc. 

Life cycle from 6,000 at 12 amp to 
100,000 at 2 amp, 120 volts a-c. Other 
ratings are 5 amp resistive, 240 volts 


a-c 10,000 cycles; 5 amp resistive. 28 


volts d-c 100,000 cycles; and 6 amp 
resistive, 12 volts d-e 25,000 cycles. 
Temperature settings 
85 to +500 F. 
stainless steel cup to provide protec- 
tion from dust and dirt. Metals & Con- 
trols Corp.. Spencer Thermostat Div., 
3600 Forest St., Attleboro, Massachu- 
setts. > 481 


range trom 
Enclosed within a 


PLUG-IN ELECTRONIC 
VOLTMETER 

Model SPD-21 is a d-c package that 
may be used with other components to 
measure from 1 to 1000 volts. Contains 
complete VTVM circuitry but does not 
include the meter, calibration control, 
zero adjust, or input voltage divider 
that selects voltage range desired. 


With this unit, meters being used for 
other purposes may also be used for 
measurement. Oc- 


electronic voltage 


cupies only 414 sq in. in cross section. 
Dimensions are 2 x 244 x 514 in. 

Input 
power 115 volts, 50 to 400 cps, single- 


Accuracy is +3 per cent. 


Metronix, Ine., Chesterland, 
Ohio. > 482 


phase. 


MICACEOUS SEGMENT PLATE 


Isomica No. 2080-5 minimizes motor 
failure due to splitting of segments or 
loosening of commutator bars. 

Characterized by unusual uniformity, 
especially in distribution of the shellac 
bonding agent through the reconsti- 
tuted mica platelets. Also has good 
resistance to delamination. 

Primary use is in commutator con- 
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"Tiarzian F Series Silicon Rectifiers... 


...!n Performance 


Mex. Current Ratings —Amperes 


Peak |Mex. Max. Recurrent 
. |Inverse|RMS | Max. D.C. Load Max. RMS Peak 


Volts [Volts |55°C [100°C | 150°C | 55°C | 100°C | 150°C | 55°C | 100°C/ 150°C 











Ratings 


200 | 140 | .75 ) -25 | 1.875 -625 | 7.5 . 2.5 
280 | .75 5 25 | 1.875 -625 | 7.5 . 2.5 
420 | .75 5 -25 | 1.875 -625 | 7.5 












































Iltra Small Size 


Dimensions 


i 





...in Low Price 


.s 


"Warz ian 


research, engineering and production know-how have combined to develop 


the “utmost” in a small size, very low cost silicon rectifier with giant per- 
formance. If your problem is miniaturization, or cost, or tough application, Sene ter 
Sion Design Note 


the solution is in the Tarzian F series. #31 


Sarkes Tarzian,Iinc., Rectifier Division 


DEPT. M-1, 415 NORTH COLLEGE AVE., BLOOMINGTON, INDIANA 


IN CANADA: 700 WESTON RD., TORONTO 9, TEL. ROGER 2-7535 EXPORT: AD AURIEMA, INC., NEW YORK CITY 
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struction as insulation between copper 
bars. Its freedom from splitting is an 
automatic 


advantage in commutator 


assembly operations, since the ma- 


chines used cannot detect split seg- 
ments which cause faulty commutators. 
Mica Insulator Div. of Minnesota Min- 
ing & Mfg. Co., 797 Broadway, Schnec- 
tady 1, N. Y. >483 


SMALL SWITCH, 
HIGH RATING 


Small quick-connect V3-1-D8 
has rating of 10 amp, 125 or 250 volts 
a-c; % amp, 125 volts d-c; 14 amp, 
250 volts d-c. 


Lead receptacles for switch can be 


switch 


attached in seconds, speeding up ap 
pliance and vending machine produc- 
tion line assembly. 

Contact arrangement SPDT and 
switch may be wired NO or NC. Var- 
iety of roller and lever-type actuators 
may be easily attached for other appli- 
Micro Switch, Freeport, II 
linois. >484 


cations. 


SILICON ZENER 
REGULATOR DIODES 


Silicon zener regulator diodes are avail- 
able in both 10 w and 50 w power rat- 
ings with 
volts. 
The 10MZ series, which is rated for 


voltage ranges up to 200 


10 w at 55 C. is housed in the JETEC 
standard 10-32 stud package, while the 
50MZ (50 w) 


package with either plug-in or solder-in 


series uses the TO-3 


features, as well as series interlock 
construction, 

Both zener regulator families avail- 
able with either anode or cathode con- 
nected to case for max circuit flexibility. 
Motorola, Ine.. 
645 W. 
Ill. >485 


Semiconductor Div.. 


Augusta Blvd... Chicago 51. 


240 


HIGH STRENGTH BONDING 
ADHESIVE 


No. 910 adhesive produces high strength 
bonds between virtually any combina- 
tion of materials without necessity for 
excessive pressure, heat, solvent-evapo- 
A pplica- 
tions include: high fidelity phonograph 


ration, or long curing time. 
cartridges, radiation measuring instru- 
ments, strain gages and storage bat- 
teries. Eastman Chemical Products. 
Inc., 260 Madison Ave., New York 16. 
Re 6 >486 


HALL GENERATOR 


Hall generator is designed for use in 
instrument applications and as an 
analog computer element. Used as a 
circuit element, it is essentially a solid- 
state multiplying device that provides 
a voltage output proportional to the 
product of 2 electrical quantities: the 


control current passing through it and 


ty 


Magnetic field B A 


A 


the magnetic field perpendicular to its 
major face. 

Can multiply 2 electrical quantities 
if one is expressed as current and the 
other as a magnetic field. Because of 
fast response time, can also be used to 
measure power content of transients. 

Frequency response flat up to 1 me. 
Can operate in ambient from —65 to 
75 C. Westinghouse Electric 
Box 2099, Pittsburgh 30. Pa > 487 
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EXTRUDED MULTI-COLOR 
PLASTICS 


These plastic extrusions have colors 
extruded into them. Colors cannot chip 
or peel off. This process offers new de- 
signs in color and beauty for electrical 
products. 

For example. the variety of color 
combinations, both 2- and  3-color. 
which can be extruded in tubing. makes 
it valuable for use as_ identification 
sleeves for quick classification of elec 
trical wiring. 

In any color combination. in rigid. 
semi-rigid or flexible plastics. with a 
choice of straight or spiral stripe pat- 
terns in tubing and straight stripe 
patterns in films, strips and = special 
shapes. Borden Hively. 1510 Hess St.. 


Columbus 12. Ohio. >488 


SILICONE-RUBBER TAPE 
HANDLES LIKE PLASTIC 


Class H inorganic, unsupported silicone 
rubber tape that handles and feels like 


plastic tape is coated with a silicone 


thermosetting pressure-sensitive adhes- 


ive. 
Called Scotch brand electrical tape 


No. X-1070. it may be used in splicing 
silicone-rubber insulated cable, in 
maintenance of machinery, as a final 
wrap on stress cones, for insulating 
leads on large, dry-type transformers 
and other applications. 

Has a dielectric strength of 700 vpm, 
insulation resistance of 1,000,000 meg- 
ohms, are resistance of 135 sec and 
Available 
on a one-inch core in 18 yd lengths. 
Minnesota Mining and Mfg. Co., 900 


Bush St., St. Paul 6, Minn. ->489 


elongation of 600 per cent. 


FLAME-RETARDANT 
LAMINATE 


flame-retardant and 
guishing properties characterize Grade 


Good sel f-extin- 
FR-1 paper-base laminate with a phen- 
olic resin binder. ge 
characteristics of Grade XX (a hard 
paper-base laminate). 


sneral 


, > 
I ossesses 


Available in sheets and strips, Grade 
FR-1 comes in standard sheet sizes of 
36 x 36 in. and 36 x 72 in.. and in 
thicknesses ranging from 0.031 to 11.5 
in. 

Recommended for use in electrical 
applications such as switchgear com- 
ponents where flame retardance and 
good mechanical properties are desired. 
Standard color is red: standard finish 
is semi-gloss. Synthane Corp.. 17 Rive: 


Rd., Oaks, Pa. > 490 


HIGH STABILITY CAPACITOR 


Polystyrene dielectric capacitor s have 
0.03 to 0.01 per cent retrace for use 
in laboratory standards, compensating 
networks, r-f filters and general cou- 
pling applications. 

Characteristics include a temperature 
coefficient of 100 ppm per deg C. 
+20 ppm. Insulation resistance is | 
million megohms per pf at 25 C, di 
absorption 0.01 to 0.02. per 
cent, and operating temperature from 


electric 
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Arnold Pulse Transformer 
Cores are individually tested 





under actual pulse condrtions 





Here’s 
technical data on 


ARNOLD 
SILECTRON 
CORES 


Bulletin SC-107 A 

. this newly- 
reprinted 52-page 
bulletin contains 
design information on Arnold Tape Cores wound 
from Silectron (grain-oriented silicon steel). It 
includes data on cut C and E cores, and uncut 
toroids and rectangular shapes. Sizes range from 
a fraction of an ounce to more than a hundred 
pounds, in standard tape thicknesses of 1, 2, 4 
and 12 mils. 


Cores are listed in the order of their power- 
handling capacity, to permit easier selection to fit 
your requirements, and curves showing the effect 
of irapregnation on core material properties are 
included. A valuable addition to your engineering 
files— write for your copy today. 


ADDRESS DEPT. EM-91 
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The inset photograph above illus- 
trates a special Arnold advantage: a 
10-megawatt pulse-testing installa- 
tion which enables us to test-prove 
pulse cores to an extent unequalled 
elsewhere in the industry 

For example, Arnold 1 mil Silectron 
“C” cores——supplied with a guaran- 


teed minimum pulse permeability of 


300—are tested at 0.25 microseconds, 
1000 pulses per second, at a peak flux 
density of 2500 gausses. The 2 mil 
cores, with a guaranteed minimum 
pulse permeability of 600, receive 
standard tests at 2 microseconds, 400 


THE 


ARNOLD ENGINEERING (SOMPANY 


pulses per second, at a peak flux 
density of 10,000 gausses 

The test equipment has a variable 
range which may enable us to make 
special tests duplicating the actual 
operating conditions of the trans 
former. The pulser permits tests at 
05, .25, 2.0 and 10.0 microsecond 
pulse duration, at repetition rates 
varying anywhere from 50 to 1000 
pulses per second, 

This is just another of Arnold’s 
facilities for better service on mag 
netic materials of all description 
@ Let us supply your requirements 
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Main Office & Plant: Marengo, Illinois 


[ML Repath Pacific Division Plant: 641 East 61st Street, Los Angeles, Calif. 


| 


District Sales Offices: 


Boston: 49 Waltham St., Lexington 


los Angeles: 3450 Wilshire Bivd. 


New York: 350 Fifth Ave. Washington, D.C.: 1001-1 5th St., N.W. | 
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‘DIAMOND H’ 





SERIES W <i> 
® 








General 
Purpose 
Relays 


MEASURE ONLY: 
136°x1%" x1%K’ 


BUT CARRY: 

to 25 A. resistive at 115-230 V., 
A. C.; 1 h.p., 125 V., 2 h.p., 
250 V., A.C.; D. C. and other 
higher ratings on request. 


CONTACTS: 


DPDT, Double Break-Double 
Make (Form Z). Special ar- 
rangements and sequence on 
request. 


MOUNTINGS: 


Socket, panel and sidewall ar- 
rangements standard; others 
to meet special needs. 


“Diamond H”’ engineers are 
prepared to work out varia- 
tions of these rugged, depend- 
able relays to meet your spe- 
cific requirements in such ap- 
plications as automation 
controls, appliances and air 
conditioning equipment, or 


= what you will. Just ask. 


THE 


\HART 


MANUFACTURING 
COMPANY 


211 Bartholomew Avenve 
Hartford, Conn. 


Phone Jackson 5-3491 


Circle 236 on page 17 
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0 to +-70 C. Dissipation factor at 1000 
eps is 0.05 per cent. 

Various capacitance and voltage rat- 
ings available. with tolerance +5. +2. 
t+] and +'% per cent. Electronic Fab- 
ricators, Inc.. 682 Broadway. New York 
[AS Ps > 49] 


SELF-AMPLIFYING 
ACCELEROMETER SYSTEMS 


Effects of humidity and r-f radiation 
are eliminated because low impedance 
leads are used between any telemetry 
or recording system and these systems. 

High sensitivity, up to 300 mv/g. 
is pre-set at factory to level specified 


by customer. Model 2806 measures ver- 
tical vibration and Model 2807 meas- 
ures horizontal vibration. Models 2808 
and 2809 have same orientation. plus 
a greater temperature range of +5 
1-250 F. 

Withstand 20 g continuous vibration. 


per cent to 


50 g intermittent. and weigh 5.4 07 
less power/signal cable. Endevco Corp.. 
161 E. California St., Pasadena, Cal'- 
fornia. > 492 


PRESET COUNTER 


Printed circuit plug-in modules serve 
as separate counting decades and func- 
tional block units in make-up of this 
line. Series includes 2, 3, 4 and 5-digit 
preset counters. dual preset counters. 
and totalizers. 

Model 7250C, illustrated. operates 
to 100 ke as a counter and will recycle 
without missing counts at rates to 5 ke. 

Plug-in 


cards are removable for 


maintenance from blue rack-mounting 
frame containing power transformer, 
connectors and guides. Electro-pulse. 
Inc.. 11861 Teale St.. Culver City. 
Calif. > 493 


SILICON RECTIFIER 

Type T encapsulated silicon rectifier 

has a diffused junction and is designed 

for 85 C ambient temperature. 
Properties include low reverse leak- 

age curent and low forward voltage 


drop. A new processing method for the 
silicon wafer assures freedom from 
premature failure. 

In life testing of production samples. 
rectifiers have been operated above 
rated temperature in all typical circuits 
for periods in excess of 2000 hr. No 
failures have occurred after 1.500.000 
switching cycles. P. R. Mallory & Co. 
Inc.. 3029 East Washington St... Indi- 


anapolis 6, Ind. > 494 


TWO ADHESIVES BOND 
TREATED TEFLON 


Ray-Bond R-86009 is recommended for 
applications where some flexibility in 
the bond is required. Has good resist- 
ance to water and most chemicals. Ray- 
Bond R-86044 features unusual resist- 
ance to acids (except acetic) and var- 
ious other chemicals. as well as water. 

Both materials are 2-component (base 
and activator) systems which will bond 
etched Teflon to wood. steel. glass. 
aluminum, ceramics. plastics or any 
other material that will bond with an 
adhesive. They may be cured at room 
temperature or at elevated tempera- 
tures. 

R-86009 can be used as a structural 
adhesive up to 120 F, as a non-struc- 
tural adhesive up to 250 F. Tempera- 
ture limitations for R-86044 are 200 F 
for structural use and 250 F for non- 
Raybestos- Manhattan. 
Inc.. Adhesives Dept., Bridgeport. Con- 
necticut. > 495 


structural use. 


SIZE 8 MOTOR-GENERATOR 

Size 8 motor-generator has an outer 
diam of 0.750. The tachometer-genera- 
tor portion can be furnished for opera- 
tion on either 18 or 26 volts. 400 
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DELCO MAKES T 


Strong die-cast end frames keep shaft and 
bearing aligned for life in 48-frame motors 


Here are end frames that can take it! They’re rugged one-piece 
die castings of aluminum, designed to withstand the jolts and 
jars of shipment and years of constant use. Sturdy, structural 
ribs give them remarkable strength for their size and weight. 


Extra rigid and machined to extra close tolerances, these end 
frames assure precision fit, perfect bearing alignment and 
longer motor life. This is typical of the quality extras you'll 
find in Delco 48-frame motors—motors that are built better 
and perform better, because of the vears of engineering 
research and manufacturing experience that stand behind 
them. 


Delco motors are backed by the world’s largest independent 
electric motor service organization . . . another “‘plus’”’ your 
customers appreciate. For more detailed information, call 
your nearby Delco Products Sales Office or write to Delco 


Products, Dayton, Ohio. 
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THEM 


Typical 48-frame split-phase 
motor. Also available in 
capacitor-start, shaded- 
pole, and permanent capaci- 
tor types engineered to cus- 
tomer requirements. 


Circle 237 on page 17 


ROCK-RIGID 


A. DELCO 
MOTORS 


Delco Products 
Division of General Motors, Dayton, Ohio 
APPLIANCE MOTORS 
INDUSTRIAL MOTORS 
® HERMETIC MOTORS AND CONTROLS 


GENERATORS 








DETECT 
=e. | 
SELECTED SPEEDS 


TORQ 


SYNPROTEX } 


ROTARY 
CENTRIFUGAL SWITCHES 
fee” 


WITH 


. 


OPERATE on fundamen- 
tally new principle,—virtually 
no friction problems—permits 
predictable sensing of speeds 
to 4 of 1%. 

Three basic types available for 
control of one or many selected 
speeds, as well as inter-related 
speeds on any equipment in- 
volving rotary motion. 

Torq Synprotex switches can 
be incorporated as an integral 
part of finished equipment, or 
can be furnished in separately 
housed units. 

To detect or control one or 
more selected speeds, get the 
latest information on Torq Syn- 
protex switches. 


WRITE TODAY 
FOR 
GENERAL 
BULLETIN 
NO. 244. 


TORQ 


ENGINEERED PRODUCTS, INC. 
34 W. Monroe Street 
Bedford, Ohio 
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cycles. Has a gradient of 0.250 volts 
per thousand rpm and a max null 
voltage of 0.010 volts rms. 
Motor portion can be furnished with 
any combination of voltages up to 40 
volts on both fixed and control phases, 
all 400 cycle. Stall torque is 0.3 0z-in., 
with a no-load speed of 6200 rpm. G-M 
Laboratories Inc., 4300 North Knox 
Ave., Chicago 41, Il. > 496 


DIGITAL LOGIC PACKAGES 


Set of solid-state digital logic packages 
build 


counters and other data handling equip- 


can be combined to registers, 
ment, including computers. 


Packages include flip-flop, inverters, 
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gates, drivers, clock generators. Plug- 
in modules easily replaced and can be 
built into systems of any size. 

High through 
elimination of both eyelets and printed 


reliability achieved 
illustration, 
the modules are used in an input buf- 
fering system. Packard-Bell Computer 
Corp., 12333 W. Olympic Blvd., Los 
Angeles 64, Calif. >497 


circuit connectors. In the 


HIGH-TENSILE-STRENGTH 
MAGNET WIRE 


Magnet wire with high tensile strength 
and a specific resistance only slightly 
higher than that of copper is designed 
for use in light-weight moving coils. 

Can be produced in continuous long 
lengths to as small as 0.0004 in. Has a 
tensile strength of approx 115,000 psi, 
permits greater winding tensions and 
ease of use in small sizes. 

Enamel for this wire is applied in 
such a manner that multi-turn wind- 
ings may be made with no drop in re- 
sistance due to shorting of turns. This 


with a minimum amount of 
enamel buildup permissible. Secon Met- 
als Corp., 17 Intervale St., White Plains, 
ee > 498 


is done 


SIZE 8 MOTOR 
TACH GENERATOR 


Size 8 servo motor tach generator has 
an operating temperature range of —55 
to +125 C. 

Type 8MTG-6202 series meets envir- 
onmental MIL-E- 
5979 


5272A, has a rotor moment of inertia 


requirements of 


of 1.15 gm.cm.*, weighs 3.1 oz and is 
housed in a passivated stainless steel 
case. 

The 2-phase motor has 26 volts ex- 
citation on phase 1, 30/15 volt center- 
tap control on phase 2, stall 
phase, 0.3 oz-in. 


power 
input of 3.0 w per 
torque at stall, a no-load speed of 6500 
rpm, and a stall current of 0.15 amp 
on phase 1 and 0.121 amp on phase 2. 
John Oster Manufacturing Co., Avionic 


Div., 1 Main St., Racine, Wisc. > 499 


MINIATURE CONTACTOR 
SWITCHES 60 AMP 


The MB miniature contactor is capable 
of switching loads up to 60 amp with 
control signals as small as 2.7 w. 
Supplied with SPST double break 
either NO or NC. Contacts 
can handle starting surges up to 150 
amp for 300 millisec. A double throw 
version of this relay can also be furn- 
ished with contacts derated to 20 amp. 


contacts 


The open version measured 1°!%2 in. 
4 11%40 in. high 
Sealed version meas- 


long x 72 in. wide x 


and weighs 2 oz. 
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HEAVY DUTY BALL BEARINGS... The ball 
bearings used in these motors are of the high- 
est quality, with more than ample capacity to 
provide long trouble-free service under heavy 


S > 
wd 4 


P/F 4 


BEARINGS CAN BE RELUBRICATED... Original 
factory lubrication will last for years in normal 
service—but convenient grease plugs are pro- 
vided to permit relubrication that adds to 
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SECURELY SEALED FOR LOW MAINTENANCE 
..- Both ends of these motors have running 
shaft seals to keep the bearings clean. Bearing 
housings are effectively sealed to prevent 
escape of grease. 








loads. motor life under severe conditions. 


Wagner Totally Enclosed Motors 
Designed to give you Extra Protection 





Here are motors that will deliver full-rated horsepower under the 
toughest service conditions—that will help you keep your production 
rates up, and give you the kind of dependable, continuous operation that 
is sO important to automation. 
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Type EP Motors are fully protected against damage from corrosion, 
dust, abrasives, fumes, steel chips or filings. Type JP is explosion proof 
as well—is designed and approved for use in explosive atmospheres. 






Integral ratings, 1 through 100 horsepower, are built in the latest 
NEMA frames, 182 through 445 US, with ribs that add mechanical 
strength and increase the surface cooling area. 






Let your Wagner Sales Engineer show you how these protected motors 
can bring you savings on initial motor costs, maintenance costs, and in 
continuity of operation. 





Branches and Distributors in All Principal Cities 


Wagner Electric Corporation 


6454 Plymouth Ave. « St. Louis 14, Missouri 


TYPE EP. 
Standard TEFC 
1 to 100 hp. 


TYPE JP. 
Explosion proof 
1 to 100 hp. 


OTHER FRAME SIZES AVAILABLE IN RATINGS THROUGH 500 HP. 
Circle 239 on page 17 


IS YOUR 


BEST SOURCE 


FOR 
SOLDERING LUGS 
TERMINALS 
PRINTED CIRCUIT 
HARDWARE 


HERE’S WHY: 


@ Specialized high production 
techniques afford lowest possible 
unit cost. 


® Precision tooling, rigid quality 
control assure tolerances to critical 
specifications. 


@ Ample stocks of over 1000 differ- 
ent parts permit prompt delivery. 


@ Malco specializes in a complete 
line of small stampings for Radio- 
TV, electrical/electronic and aut=- 
motive industries. 


@ Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion. 


Let Malco show you how you can save 
on production time and costs. Contact 
us today. 


Request handy ref- 

erence catalog con- 
taining specifications 
on standard and cus- 
tom-made lugs, termi- 
nals, coronarings, 
pins, contacts and 
similar stampings. 








bMaaloc Wax and MANUFACTURING CO. 
1 W. Leke St., Chicege 24, iil. 
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ures 15g in. long x 16 in. wide x 24% 
in. high and weighs 4 oz. Potter & 
Brumfield, Inc., Princeton, Ind. —500 


VARIABLE-SPEED 
MOTOR DRIVES 


4 74% and 10 hp Motodrive provides 
infinitely variable speeds to all types 
of machinery and process lines. Avail- 
able with single. double or triple-re- 
duction gear reducers to produce speed 
ranges of from 2:1 to 8:1 within output 
speed limits of from 4 rpm to 3940 
rpm. 

Each unit is powered by a constant- 


speed, standard NEMA C-face bracket- 


mounted motor, and drives through a 
specially-constructed _ belt. 

Standard component parts in C-flow 
design (motor on same side of case as 
output shaft) and Z-flow design illus- 
trated, motor and output shaft on op- 
posite sides of case), can be arranged 
into vertical. horizontal or 45 deg 
(right or left from vertical) and trun- 
nion mounting on floor wall or ceiling. 
Reeves Pulley Co.. Div. of Reliance 
Electric and Engineering Co.. 1225 
Seventh St.. Columbus, Ind. >501 


CONTROLLED-TEMPERATURE 
OVEN 
CTO-75 
oven will maintain operating tempera- 
ture of 75 C +2 C or other operating 
temperature as specified over a range 
from —55 to +65 C. Stability at any 
given ambient is +0.10 C. 


Type controlled-temperature 


Oven is 3344 in. long x 2 in. wide x 
144 in. deep. Capacity is sufficient to 


hold either one or two 34-in. or 144-in. 
crystal holders of HC-6/U or HC-13 
U types or one T5% glass bulb or 
other similar components on special 
order. Warm-up time only 16 min at 

55 C or 10 min at room temperature. 
Reeves-Hoffman Div. of Dynamics Corp. 
of America, Carlisle, Pa. >502 


DRAFTING PENCIL FOR 
MATTE-SURFACE 
MYLAR FILM 


Duralar lead is smearproof on matte- 
surface Mylar tracing film, yet erases 
perfectly. Tracings can be cleaned 
with soap and water without loss of 
clarity. Can be printed over and over 
without loss of detail. 

Absence of graphite’s light-reflecting 
qualities assures sharp, clear photo- 
graphic reproductions, even on micro- 
film. Reproductions of Duralar tracings 
on Mylar are equivalent in quality to 
prints made from India Ink tracings. 

Five special Duralar degree designa- 
tions have been introduced to avoid 
confusion with graphite scale. These 
are, from soft to hard: Kl, K2, K3, 
K4, K5. J. S. Staedtler, Inc.. 25 Di- 
carolis Court, Hackensack, N. J. 503 


SUBMINIATURE TRANSISTOR 
LOGIC CIRCUITS 


Line of high-speed transistorized plug- 
in modules for digital equipment and 
system construction are based primarily 
upon the “Nor” logic. Designed to 
work at speeds in excess of 2 me under 
typical loading conditions. 


Module is designed to fit a standard 
7-pin-in-line subminiature tube socket. 
Up to 144 units may be mounted on a 
standard 34% x 19 in. rack panel. Each 
module measures 0.750 in. high, 0.687 
in. wide and 0.297 in. thick. Standard 
unit contains 4 inputs. Erie Resistor 
Corp., 644 W. 12th St., Erie, Pa. >504 


EXTRUDED RING TERMINALS 


Extruded ring terminals provide added 
function of spacers or lock washers. 
finding a wider field of application, 
especially in the appliance industry. 
Etco ER-70 and 80 terminals are 
precisely stamped from 0.020 high 
brass and high brass tinned. Made 
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Improved Metal-To-Glass 
Alloy Holds Seals Tight 


Against Hydrogen 
at 250 Pounds Pressure 


Development of Clare’ Mercury-Wetted Contact Relays 
aided by special gas-free Driver-Harris #152 Alloy 


For all kinds of high-speed switching machines and devices 
which demand accuracy and dependability of the highest 
order, this new Clare Type HG Relay offers a combination 
of high speed, high current-and-voltage capacity with re- 
markably uniform long-life performance. It has a con- 
servative life expectancy of more than a billion operations 
when operated within its ratings and can be driven at speeds 
up to /00 operations per second. 


Driver-Harris Alloys at work in Product Advancement 


In this cutaway view (2%4 x) a magnetic switch, her- 
metically sealed in a high-pressure hydrogen filled glass 
capsule, and a coil, are enclosed in a steel vacuum tube 
type envelope. The switch forms the core of the coil which 
provides the magnetomotive force for operating it. 

The glass enclosed switch is very compact and small 
(5/16” diameter x 2” long) yet its handling capacities of 
5 amperes and 500 volts maximum are truly remarkable 

These features of its construction make this possible. In 
the switch segment, the platinum contact surfaces are 
wetted and protected from electrical and mechanical 
erosion with mercury by means of a capillary connection 
to a mercury reservoir below the contacts. In addition, the 
high hydrogen pressure enables the contact gap to with- 
stand a high voltage gradient without breakdown. 
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Keeping the gas from leaking posed a production prob- 
lem. The specifications for the lead wires at the top of the 
switch and the tubular vacuum stem at the bottom were 
stiff. 1. Gas-tight seal against hydrogen at 250 PSI. This 
was difficult. 2. Perfect match to thermal expansion char- 
acteristics of the glass. 3. Good ferromagnetic properties. 
4. Exceptional surface bonding properties since the per- 
missible maximum 5 ampere 500 volt limits are dictated 
rather by factors relating to heating of the metal-to-glass 
seal than the current handling capacities of the contacts. 


ip 
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Driver-Harris was called upon to produce such an alloy 
and succeeded in developing a special gas-free nickel-iron 
alloy No. 152 which meets all these requirements to the 
complete satisfaction of Clare Engineers. 

Do your engineering and product development plans 
hinge upon a special alloy — why not discuss it with Driver- 
Harris. We have, since 1899, produced 132 special purpose 
alloys in just this fashion — in answer to a particular prob- 
lem and extraordinary specifications. We have a special 
bulletin on Sealing Alloys if you care to have one. Your 


inquiry is awaited. C. P. Clare & Co., Chicago, IM, 
*T.M. Reg. U.S, Pat. Off, 
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DRIVER-HARRIS COMPANY 4p 


HARRISON, NEW JERSEY ~© BRANCHES: Chicago, Detroit, Cleveland, Louisville 
Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco © In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 
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-U.S.G. Solves Tough Molding 


~ Problems with 


Our specialty is precision molding where close tolerances, intricate 
shapes, and where thin wall sections are involved. Garlock’s United 
States Gasket Plastics Division has the personnel, the facilities, the 
unequalled experience in handling tough fluorocarbon plastics. 
Guarantee yourself the best parts, and the right price—ask for a 
quote on any molding problem concerning TEFLON T.F.E. and 
Ket-F. Call us, too, for fluorocarbon and nylon sheets, discs, tape, 
rods, tubing, bars, and cylinders from the world’s largest and most 


complete stock, 


For Prompt Service, contact one of our 30 


@ ee 7 - sales offices and warehouses in the U.S. and 
- in | te d Canada, or write The Garlock Packing Com- 
pany, Palmyra, New York. 
*DuPont Trademark 
4 t a te 7 TM.M.&M, Trademark 
Gjasket | CQKEECA. Division of 
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with 0.179 stud hole and supplied with 
one ear (wire) or 2 ears (wire and 
insulation ). 

Extruded ring eliminates cost of 
separate spacers Or washers, as well as 
the time in applying them. Electric 
Terminal Corp., Warwick Industrial 


Park, Providence 5, R. I. >505 


SILICON P-N-P TRANSISTORS 


Silicon p-n-p transistors for 1 to 4 me 
operation in severe avionic environ- 
ments incorporate “micro-control,” a 
feature that holds input resistance in 
all units to a uniform value. 

Collector voltages have been made 


up to 3% times higher to extend use 
of transistors to gate circuits, ampli- 
fiers, regulators and convertors for 
missiles and controls. 

Other characteristics include low 
saturation resistance, high gain, and 
power rating of 150 mw. Sperry Semi- 
conductor  Div.. Sperry Rand Corp., 


So. Norwalk. Conn. >506 


SWITCH WITH 
MOUNTING EARS 


Convenient, rigid mounting back of 
panel or other surface in fixed relation 
to actuating mechanisms is provided 
by integrally molded mounting ears on 
basic Klikswitches. Side mounting holes 
also permit use of mounting ears for 
attaching various forms of actuating 
mechanisms. 

Switch mechanism encased in mold- 
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These features of 


new Brush ; 
ultralinear B paras 
recording areas 
systems... 
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In the fields of telemetry, ground support systems, analog 
computing and laboratory testing, Brush recording systems 
have incorporated features which have consistently kept 
Interchangeable, plug-in ahead of engineering requirements. Here are a few that 
signal conditioners. show why — 
INTERCHANGEABLE PLUG-IN SIGNAL CON- 
DITIONERS. You get your choice of sensitivities— 
you get high input impedance—zero suppression. 


> SIMPLIFIED FAST CHART RE-LOADING. 
Ae ed. ae y Loaded from the top—features automatic alignment 
bd ‘ame and tracking. 


C_@ °. 0...» 
& | ACCURATE, EASILY REPRODUCIBLE 
RECORDINGS. Your choice of rectilinear or curvi- 
linear charts—rugged “‘throw-proof”’ pens. 





Positive Chart Take-up Drive. 
Illustrated above is a Brush RD-1684 rectilinear, 8 channel 
recording system. Sensitivity of 10 millivolts per chart line— 
input impedance, 10 megs balanced or 5 megs grounded. 
Complete system includes mobile cabinet, oscillograph and 
8 signal conditioners. No additional preamplifiers required. 
Available from stock. 


-—& Brush INSTRUMENTS 


DIVISION OF 


37th & PERKINS | CLEVITE | CLEVELAND 14, OHIO 


CORPORATION 
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OPERATING TEMPERATURES 


TWICE THE 
CAPACITY 


Capacity has been increased 
as much as 100% without 
increasing case size. Four 
convenient case sizes cover the 
broadest and most complete 
list of ratings available. 


THE NEW FANSTEEL 


S-T-A 
Solid Tantalum Capacitor 


It's another step by Fansteel to provide a complete 
range of Solid Tantalum Capacitors designed to meet 
the ever-increasing needs for greater capacity in sub- 


miniature sizes. 

It’s available in capacity ranges of .0047 to 330 mfd 
... from 6 to 60 volts (wvdc). 

Assures unfailing reliability where extremely small 
size, higher capacitance and extended operating tem- 
peratures are required. 


S-T-A CASE SIZE 





Length Dia. 





-250 125 
438 175 
-650 .279 
750 341 

















Write for Latest Information 


= 
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FANSTEEL METALLURG CORPORATION North Chicago, 1). U SA 
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ed phenolic. Available with SPDT o1 
SPST NC contacts rated 8 amp at 
115 volts a-c, non-inductive load. 
Dimensions: center to center of 
mounting holes in ears, 2.187; width, 
0.688; height less operating pin. 0.890 
in. General Controls Automation Div.. 
8074 McCormick Boulevard, Skokie. 
Ill. »507 


CORNER-STRIP FOR 

WIRING DUCT 

Corner-Strip designed for use with 
company’s plastic wiring duct facili- 
tates duct installation and _ provides 
smooth rounded corners at all duct 
junctions. It is a plastic right-angle 
piece, slotted at each side of angle 


bend to receive side walls of connecting 
duct sections. Slots incorporate an 
overlapping leg design which allows 
easy attachment, yet grips duct firmly. 

Supplied in 5 ft lengths and is easily 
cut with a fine-tooth saw to correspond 
to any duct height. Corners for any of 
the 19 sizes and 3 types of wiring duct 
can be fabricated from this one style 
of Corner-Strip. Panduit Corp.. 14461 
Waverly Ave., Midlothian. III. >508 


TURNS COUNTER 

Precision setting, adjustment and _ re- 
location of the rotating adjustment 
shafts of multi-turn potentiometers and 
variable capacitors are provided by this 
turns counter. 

The 3-digit counter provides direct 
readings to 999 or 10 complete clock- 
wise revolutions of the shaft. Accurate 
readings continue after the tenth revolu- 
tion but 1000 must be added to the 
direct readings. 

Standard units furnished for 1 or 14 
in. component shaft diameter. Numerals 
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are white on black wheels. Die-cast 
aluminum housing available in black. 
gunmetal or olive drab finish. Overall 
dimensions 2.06 in. high x 1.50 in. wide 
x 1.37 in. deep, including knob. Pro- 
duction Instruments Div. of General 
Controls Co., 8074 McCormick Blvd.. 
Skokie, Hl. 509 


TINY SQUIB-ACTUATED 
MOTOR 


Of special interest to designers of mis- 
siles, weapons and weapons systems, 
motor is 0.300 in. in diam and 1% in. 
long. Actuated by as little as 7500 ergs. 


it is capable of providing 8 lb of thrust 
over a 0.]-in. min stroke within an 
elapsed time of 1 millisec. 

Functions properly from 65 to 
1-165 F and will withstand 20,000 ¢ 
shock and acceleration. Atlas Powder 
Co. New Murphy Rd.. Wilmington 99. 
Del. >510 


TERMINAL BLOCK 


Modulok. a terminal block accommo- 
dating wire sizes No. 22 to No. 12. 
achieves versatility through modular 
construction which allows individual 
modules to be snapped together or 
apart and then inserted onto a_ steel 
track and locked by end locks. 
Modules are made of Zytel 31. 


nylon compound having low water ab- 
sorption characteristics. Have either 2 
or 4-tier spring-loaded plated sockets 
which may be set for quick-disconnect 
for rapid ring-out, bussing, or circuit 
changes. A twist of a screwdriver trans- 
forms the quick-disconnect into a_per- 
manent connection. Omaton  Div.. 
Burndy Corp., Norwalk, Conn. >511 


ADJUSTABLE TOROIDS 


\vailable is a pot-mounting Adjustoroid 
for panel mounting and knob adjust- 
ment to insure easy access wherever 
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Silicon Power Rectifier 


Here’s the newest addition to Fansteel’s growing line of 
reliable silicon rectifiers. The 4A carries a full 35-amp. load 
—up to 100 amps in bridge circuits—with rated peak inverse 
voltages from 50 to 400 V. in 50-volt multiples. And it’s built 
to withstand junction temperatures up to 165°C., storage tem- 
peratures from —65°C. to 200°C. 

This new low-loss unit mounts snugly in any position. 
Entire unit is hermetically sealed, with heavy-duty construc- 
tion to give long trouble-free performance and maximum 
dependability in high load circuits. 


Write for Latest Information 
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LACING TAPE 
PROBLEMS? 


GUDEBROD 
CHARTS THE 
ANSWER 
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RUBBER FINISH 





NON-TOXIC 





INERT 





FLEXIBLE 10 °C 





FUNGUS RESIST 





SIZES AVAILABLE 








SLIP RESISTANCE 
COMPLIANCE 























Only a few Gudebrod flat- 
braided Lacing Tapes are 
included in this chart. Many 
are available with silicone 
finish, with vinyl finish... 
many are available pre- 
shrunk with controlled 
shrinkage characteristics. 
We will be glad to engineer 
a tape to meet your needs. 


Gudebrod Lacing Tapes and 
Drive Cords are used with 
signal success in communi- 
cations, utilities and the 
critical field of defense elec- 
tronics. Write for new Data 
Book with complete specifi- 
cations of ALL Gudebrod 
Lacing Tapes. 


GUDEBROD 


BROS. SILK CO., INC. 


ELECTRONIC DIVISION 

225 West 34th Street, New York 1, N.Y 
EXECUTIVE OFFICES 

12 South 12th Street, Philadelphia 7, Po 
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slotted controls are difficult to reach. 
Also offered is a stud-mount encapsu- 
lated Adjustoroid. 

Designed for printed circuit use, it 
provides greater durability in high 
acceleration, shock and vibration en- 
vironments. Burnell & Co., 10 Pelham 


Pkwy, Pelham, N. Y. >512 


WIRE WOUND RESISTORS 


Tiny 2 and 2% w vitreous-enamel pow- 


er wirewound resistors are only 34% 
y * 

in. in diam x % in. long for the 2 w 

while the 24% w resistors are only 46 


in. in diam x 1% in. long. 


FA 


ff 
f f 


Other ratings include a 3 w resistor, 
smaller 5 w resistor, and 7 and 11 w 
ratings in the sizes of the previous 5 
and 10 w units. 

All Blue Jacket resistors now use a 
ceramic core and end-cap construction 
with resistance windings and wire 
leads welded to the end caps. Sprague 
Electric Co., 307 Marshall St., North 
Adams, Mass. >513 


LOGIC UNIT BOARD 


Logic unit board provides an improved 
technique for construction of digital 
computers and data handling systems. 
This transistorized digital component 
allows computers and data handling 
systems to be assembled simply and 
at low cost. 


This versatile array of basic com- 
puter elements can be rapidly con- 
nected to serve complete logic and 
control functions of complex digital 


computers. General Mills, Inc., Me- 
chanical Div., 1620 Central Ave., 
Minneapolis 13, Minn. >514 


SUBMINIATURE TERMINAL 


Type FT-SM-125 feed-thru incorporates 
a truncated end for one of the 2 lugs, 


acting as a stop to prevent wrapped 


wire leads from slipping off until they 
can be soldered. 

Measures only 0.306 in. in height. 
Fits into a 0.081] in. diam hole, and can 
be accommodated in any chassis up to 
0.035 in. thick. Sealectro Corp., 610 
Fayette Ave.. Mamaroneck, N. Y.->515 


THREADS FOR SHEET METAL 


Female-threaded swage nut fasteners 
can be anchored in metal sections 40 
per cent thinner, with installation pres- 
sures as much as 50 per cent lower. 


Can also be swaged into harder 


metal—up to a Rockwell C-scale 25. 
Strong enough to break 160,000 psi 
bolts before failing themselves, nuts 
require no special tools, mount flush 
on load size of nut and do not fune- 
tionally deform. bend or discolor the 
sheet metal. Standard Pressed Steel Co., 
Box 901, Jenkintown 9, Pa. >516 


INDUSTRIAL HANDLES 


Clean lined. these handles are adapt- 
able to any electronic chassis, relay 
rack or cabinet. Available in a variety 
of sizes to accommodate product re- 
quirements. 

Are fabricated of stainless steel or 
anodized aluminum. These round wire 


CELE, 
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rugged steel base plates powerful AC or DC solenoids 


THIS IS A 
RELAY 

YOU CAN 
STAKE YOUR 
REPUTATION ON 


simple, fast, easy installation speeds assembly into your equipment 


every aspect of Ward Leonard bulletin “HR” relays is designed for maximum 
reliability... these are components you can buy, install and then forget 


Ward Leonard “HR” relays are engi- mature is free-floating and self-align- 
neered for industrial and electronic ing to minimize noise level. DC solenoids 
applications requiring: ultra-long life, feature exceptionally fast operation. 
high speed, high reliability, compact- Nylon armature guides minimize ope) 
ness and versatility. ational friction. All AC and DC powe) 
Consider the powerful solenoids, just plants are readily interchangeable. 
one of the features shown above. Every 2 to 8 pole “HR” relays are but on 
HR relay, AC or DC, is equipped with a five W/L lines of industrial powe: 
powerful solenoid to assure fast, con lays ... all designed with emphasis 
sistent, long-life operation so essential reliability. Write for bulletir 

in the circuitry of any high reliability Ward Leonard Electric Co., 84 S 
relay. The “E-1” laminated magnet ar- Street, Mount Vernon, N.Y. 
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friction-free nylon parts 


molded coils minimize “burnouts” 


“) WARD 
tb) LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


LIVE BETTER... E/ectrically 


BR ealO- EE ry.ncored Contiols Since 1892 
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handles are available in either the 600 
series, with female thread and bushing, 
or the 700 series, with male thread. 
Grant Pulley & Hardware Corp., High 
St., West Nyack, N. Y. >517 


WIRE TIES 


E-Z wire ties hold with a good grip, but 
are quickly removed at time of repair 
or for adding new wires. Same tie may 
be re-used after repair or addition of 
new wire. This eliminates danger of 


Paar nP Ore enh en, 


ADVANCED MOTOR DESIGNS Foci con cri vies v 


that meet the demands of the most exacting requirements moving tape or cord, and eliminates 
replacing tape or cord after repair has 
Nearly half a century of been made 
( f : . : , 
ens yoy | Polyethylene wire ties have high 
motor field enables G. | strength, high dielectric properties, 
to _ the most hd ae are chemically inert, heat resistant, and 
vanced engineering fea- ‘ cea ae sehtins : ewe 
tases, thls, leusther eit i _ in a Aas ~ eee gos 
top-notch production P lastic Co., ¢ 45 W. Fullerton Ave.., 
know-how and latest man- -}-% ’ Chicago 39, Ill. 518 
ufacturing facilities as- 4 
sure you quality, depend- Ja \ ‘ 
ability and economy so Wy 
necessary to the success . ; TAPE RECORDER SWITCH 
of your products - 4 Switch not much larger than a paper 
clip automatically shuts off a_ tape 
recorder if tape should break. 
Incorporates a non-magnetic nylon 
leaf with rounded surfaces, over which 


MODEL-B FOUR POLE, FOUR- 
COIL SHADED POLE MOTOR 


Designed for long life and dynam- 
ically balanced for extremely 
quiet operation. Self aligning 
self lubricating bronze bearings, 
baked, varnish-impregnated wind- 
ings, ample oil reservoir located 
for easy lubrication. Smooth, tape passes. In event of tape breakage. 
quiet — field proven! pressure upon leaf is released, shutting 


— lO ——__—__—— ff recorder. 
HP Locked Max. Watts . 4 . 1 P . 
MODEL 1500 Torque Torque 1500 A B ‘| Switch body is less than 1 2 In. In 
sew Link + i A om ; poo length. Approved for 3 amp, 250 volts 
5. 180 | 35 W . 53 WH" | Va" a-c. Movement differential 0.233 in. 








150 | 40 | 4 . 63 2%! | Va" | 10-32 | 2.7 max, operating force 6 grams. Acro 
’ ae Div.. Robertshaw-Fulton Controls Co.. 
inl Nid wet res sd 2%!" | He" | i Box 449, Columbus 16, Ohio. >519 


—— 4 ae 4 —4 


1 35 4.7 20 1760 | 1.05 77 2'%,"" ‘ 10-32 | 3.4) 
| 8-12-Cow | wee Princ sO Piece oan lth Bll | os 
Above base on on fan application with air stream flowing over motor, 


without air flow derateing necessary. HIGH-TEMPERATURE 
Designs to Meet the Needs of a Wide Range of heotiaions | POTTING COMPOUND 
Electrical potting compound Temporell 
P Les 5 : No. 1500 is intended for use at temper- 
, atures up to 1500 F. 
Two plastic bags. one containing 
powder, the other liquid hardening 

















Write today for catalog sheet and quantity-price quotations. 


THE GENERAL INDUSTRIES co. 


DEPT. GL ELYRIA, OHIO 
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CLASS H 
TEFLON TUBING INSULATING TAPES SILICONE TAPE 


EPOXY RESINS 2 IN 1 ELECTRICAL TAPE TEFLON TAPE 


whatever the job... 


ELECTRICAL PRODUCTS 


PERMACEL New Brunswick, N.J. TAPES «e ELECTRICAL INSULATING MATERIALS « ADHESIVES 
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agent, are packed in a can together 
with directions for mixing and_ use. 
Contents are pre-measured for proper 
proportions of powder and hardener. 
Temperature range is —65 to +-1500 
F. Adheres to metal, paper and wood, 
but does not adhere to rubber. Orell. 
Inc., Box 527, South Gate, Calif. 520 


FUSIBLE TERMINAL BLOCK 


Fusible terminal block was developed 
for use in applications where fuse 
protection is required for solenoids 
and other single or 3-phase loads 


SLEEVINGS 


are coming 
from Bentley, Harris Based ox 20 enw, 600 volts, block will 


accept any ferrule-type fuse 's2 in 
diam by 11% in. long. 

Made up of individual sectionalized 
blocks assembled on a mounting chan- 
“firsts” are legion — first in use of glass fibers; first in heat- nel with a clamp at each end. Can be 
combined with 4 different types of 
terminal blocks for flexibility. Square 
D Co., 4041 N. Richards St.. Milwau- 
kee 12, Wise. >521 


In braided electrical insulating sleevings, Bentley, Harris 


treated, non-fraying glass fiber sleevings; first in vinyl-coated 


fiberglass sleevings; first with silicone rubber coatings. 


In 1959, Bentley, Harris will announce two radically new 

SILICONE-INSULATED CABLES 
Simconex cables are specifically de- 
added product protection with no increase in insulation cost. signed for high temperature operations. 
(re capable of continuous safe opera- 


Class H electrical sleevings — both designed to give you 


The truly amazing physical and electrical properties of these pea 
, . : tion at temperatures as high as 392 F. 


new sleevings will change your thinking about insulation depending upon application. 
” oe ee Other characteristics include reten 
perrormance standards. tion of flexibility at low temperatures 
resistance to moisture and_ virtually 
An advance announcement of the first of these new devel- complete immunity to ozone and co- 
opments is now being prepared. May we send it to you — rona. Simplex Wire & Cable Co., Cam- 
‘ ; bridge 39, Mass. »522 


write us today. 
TRANSPARENT, TOUGH 
PLASTIC MATERIAL 


Transparent, heat resistant, and tough 
Lexan polycarbonate resin is being 
used for a terminal block where other 
thermoplastics melt and distort from 
the heat. 

Other uses: for a control disc which 
must be transparent, and must be 


(Continued on page 259) 


BENTLEY, HARRIS MANUFACTURING CO. 
100 BARCLAY STREET, CONSHOHOCKEN 2, PA. 
Telephone: Norristown, Pa.: TAylor 8-7600 
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IT PAYS TO STANDARDIZE ON STANSCREW 








Ye 


Stanscrew standard fastener does special 
job on free-wheeling hubs for “Jeep” 


Attaching POWER-LOCK free-wheeling hubs to 
Willy’s 4-wheel drive ‘‘Jeeps’’ calls for something 
pretty ‘“‘special’’ in fasteners. 

To begin, the fasteners must be tough and de- 
pendable . . . must have the ability to stand up 
under the punishment that is normal for an “off 
the road”’ vehicle. Since these hubs are sold sepa- 
rately, the fasteners also must present an appear- 
ance that builds consumer appeal. And they must 
be completely uniform to facilitate installation. 

The Cutlas Tool and Manufacturing Company, 
Lyons, IIll., manufacturers of this Willys approved 
accessory, outlined the problem to a Stanscrew fas- 
tener specialist. He recommended Stanscrew’s heat- 
treated cap screws with the extra toughness result- 
ing from ‘‘Carbon Restoration”’ . . . cadmium plated 
for greater consumer appeal and higher corrosion 


resistance . . . and produced in an unusual length 
to precisely meet all the requirements for instal- 
lation on Willy’s ‘‘Jeep’’ vehicles. 

Thus, by slightly modifying one of the more than 
4,000 standard fasteners in Stanscrew’s complete 
line, this specialist was able to supply a fastener 
which eliminated the necessity for a costly special. 

Quite possibly your Stanscrew fastener specialist 
can do the same for you. He can bring to your 
problem years of specialized experience, and the 
services of an outstanding engineering staff. And 
he can make recommendations from a complete 
line . . . always in stock, quickly available. 

So for the answer to your “ special’ fastener prob- 
lem, just call your Stanscrew distributor today. He 
will arrange for a meeting with the Stanscrew fastener 
specialist in the very near future. 


FASTENERS 


CHICAGO | THE CHICAGO SCREW COMPANY. BELLWOOD. ILLINOIS 


HIMS | HARTFORD MACHINE SCREW COMPANY, HARTFORD. CONNECTICUT 


WESTERN 


STANDARD SCREW COMPANY 


THE WESTERN AUTOMATIC MACHINE SCREW COMPANY, ELYRIA, OHIO 


2701 Washington Boulevard, Bellwood, Iilinois 
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APPLETON V-o1 SERIES 
CONVERTIBLE VAPORTIGHT 
FIXTURES 5 


to relamp or convert! 


One trip up the ladder, a few quick twists of 

the wrist, and relamping or wattage conversion 
is done! V-51 reflectors with integral neoprene 
ring adapt perfectly to the grooved 

unilet... permit instantaneous 


ayieelee U. S. Pat. 2,749,433 
substitution of reflectors. 


2,749,435 2,715,214 


Canada Pat. 531,655 
511,696 


For economical service and maintenance, 
it’s hard to find anything more practical 
than Appleton’s V-51 Series exclusive 
unit assembly (adapter, receptacle, globe, 
and guard). Shock absorbing socket cuts 
lamp replacement costs. Try the 
Appleton V-51 Series standard or shallow 
dome, deep bowl, or angle type reflectors 
and 100 W and 150/200 W vaportight 
unit assemblies in your plant today. 
Available in a variety of hub sizes in 
pendent, ceiling, or bracket type 


Maintenance man takes fixtures for every kind of installation. 


spare assembly to lamp requiring replacement An upward thrust 


or wattage change. .. removes lamp assembly 
... Screws fresh unit in place and the job is 
done! Higher wattages of 150/200 are inter- 
changeable with 100 watt unit and can be 
used in same unilet body. (Die-cast aluminum 
guard turns counter clockwise to act as a tool 
for easy removal in relamping). 


and slight quarter twist engages 

neoprene ring with the groove in the unilet 
and snaps the reflector in position. Entire 
operation of removing lamp, inserting new 
unilet, and positioning of reflector requires 
no special tools...no set screws...no small 
parts to juggle. Absolute simplicity! 


: 





APPLETON ELECTRIC COMPANY 


1701 Wellington Avenue «+ Chicago 13, Illinois 


Also Manufacturers of: 


0003 


“ST” Series Connectors 


/ @\ Explosion- 
Proof 


Pr 
re al 3S 


Fixtures 
Unilets & Covers 
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Malleable Iron SS I 





Automatic 
Reelites 
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stable at a temperature of 240 F; ball 
bearings, because of its resistance to 
mechanical and thermal shock: hous- 
ings and cases for electrical and elec- 
tronic devices. 

One of the applications for Lexan 
resin is in molded coil forms, which 
take advantage of the resin’s electrical 
properties, heat and oxidation resist- 
ance, dimensional stability, and re- 
sistance to deformation under stress. 
General Electric Co., Chemical & 
Metallurgical Div.. Pittsfield. Massa- 
chusetts. >523 


SUBMINIATURE SERVO 
MECHANISM 


Supplied in kit or assembled form. 
Model 20-200 is a versatile set of parts 
which can be assembled as a_ pre- 
engineered 17% in. mechanism, fitting 
within a standard 2-in. diam MS case 
and meeting military specifications. 


— 


Seven shafts operating in ball bear- 
ings are available for gearing and as 
many as 3 servo loops can be accom- 
modated in a single unit. Up to 6 
rotating components size 8 (or 2 size 
8 plus 2 size 10) may be installed. 
Length varies according to application. 

Outputs may consist of synchros or 
potentiometers, torque shafts, dial and 
pointer, counter, or combinations. 
Servo Development Corp.. 567 Main 


St.. Westbury, N. Y. >524 


SOLID-STATE BATTERIES 


Group of solid-state batteries are small 
enough to hold in the palm of the 
hand, yet capable of delivering a com- 
bined voltage of 1600 volts. 

Come in 4 different sizes: Dynox 


JANUARY 1959 


it powers the fastest 


relUhvelulehiiemitelaatial=t; 


iceluimelte live] Mele] ie) 
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Te ncvanese 


DESIGN ‘’B’ LINE 
60 AND 400 CPS 


HIGH POWER 
TRANSISTOR 
MAGNETIC 
SERVO 
AMPLIFIER 


For AC servo motor control — 
50 watts to 3000 watts 


FEATURING 
* Extreme reliability 
* Wider ambient 
temperature range 
* Faster response 
* Smoller size at higher 
power ratings 
* Higher gains 
* Improved core design 
* Silicon rectifiers used 
exclusively 
* Greater flexibility 
* Ideally suited for operating 
with Diehl Servo Motors 
Signal Input AC or DC 
Military Specifications 
Provisions for System 
Feedback * Completely 
Static * Output 115V AC 
Phase Reversible 


For complete 60 cps and : 
400 cps specs request Bul- 
letin $-961. 


MAGNETIC 
AMPLIFIERS, INC. 


632 TINTON AVENUE © NEW YORK 55, N.Y. © CYPRESS 2-6610 
West Coast Division 
136 WASHINGTON ST. © EL SEGUNDO, CAL. © OREGON 8-2665 
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| Dynox 950. with a 950-volt 


95, with a 95-volt potential in 0.14 cu. 
in.; Dynox 190, with a 190-volt poten- 
tial in 1.15 cu. in.; Dynox 380, with a 
380-volt potential in 1.57 cu. in.; and 
potential 
in 2.87 cu. in. 

Applications include power sources 


in missiles, avionics, alarm systems, 
computers and telemetering, as well as 
capacitor charging applications. Pat- 
terson, Moos Div. of Universal Winding 
Co., 90-28 Van Wyck Expressway. 


Jamaica, N. Y. >525 


IMPROVED POTENTIOMETER 


Model 215 is a high temperature (125 
C), high power (0.25 w at 70 C) car- 
bon potentiometer designed to provide 
increased reliability at temperatures of 


85 C and above. Meets applicable 
quirements of MIL-STD-202. 
Measuring only 14 x 6 x 114 in., 
Model 215 mounts individually o1 
stacked assemblies using 2-56 screws 
through body eyelets. Insulated strand- 
ed leads, solder lugs or printed circuit 
pin terminals available. Bourns Lab- 
oratories, Inc., P. O. Box 2112. River- 


side. Calif. >526 


10,000 PSI SOLENOID 
VALVES 


Shut-off and 4-way valves in 14. 2, and 
10.000 


withstand 


in. port sizes are rated for 
gases. Will 
15.000 psi 


damage to sealing qualities (designed 


psi, liquid or 
surges of up to without 
for a burst pressure of 30.000 psi) 
Available for 115, 230 and 460 volt 
a-c operation. 
Maintenance-free achieved 
through leak-proof Shear-Seal design 


service 


metal-to-metal sealing 


Optically _ flat 
surfaces are protected by staying in 
constant contact; flow is always through 
center of Shear-Seals. Sealing qualities 
improve as seals lap themselves to bet- 
ter fit with each valve operation. Barks- 
dale Valves, 5125 Aleoa Ave., Los 
Angeles 58. Calif. >527 


SWITCHBOARD TYPE 
LAMP JACK 
Jax No. LT-47 


steel form placed as an insert in a mold, 


Lamp incorporate a 
and the nylon lamp housing is molded 
directly to frame. This results in nylon 
completely insulating 


lamp housing 


lamp from mounting frame. 


Can be mounted singly or on stand- 
ard switchboard panels: accepts stand- 
ard switchboard lamps. 

Long springs without “form” at point 
of flexing insure constant pressure on 
lamp contacts. Insulator inserted be- 
tween springs provides a mechanical 
stop for lamp so it cannot be inserted 
too far. Switeheraft, Ine... 5555 N 


Elston Ave., Chicago 30. II >528 


MINIATURE SOLENOID 

High-speed response is featured in min 
Model R. S. 5178, 
which will operate with a 10 Ib load. 
Che stroke is 0.015 in.. with the start 
of the motion occuring at a max of 6 


iature solenoid 


millisee and the stroke completed at 


less than 13 millisec from closing cir- 


cuit. 


Requires 20 volts d-c 
signed to operate over ambient range 
of 65 to +250 F. 

Size only 1.410 in. high with a case 
diam of 1.063 in. A rectangular flange 
with 4 mounting holes is an integral 
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THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


POPPER THAT'S A STOPPER 
It has been pointed out to us that every 
day the world survives, fewer are the 
chances that anything is the most, the 
biggest, the only, or the first. 

But this corn popper zs a first—to the 
best of our knowledge. 


This machine pops corn with hot air— 
and all the action takes place before 
your eyes. 

But that’s putting the cart before the 
horse, because it was quite a number of 
moons ago when the designers at Electri- 
Cooker Division of General Foods were 
at the idea-developing stage. 

They wanted a new way of popping 
corn. And they wanted to boost sales by 
having all the popping parts viszb/e. 

So, they developed a way of turning 
kernels into a fluffy delight with a db/ast of 
hot (about 200° F.) air. Then they turned 
to Corning. 

And Corning in turn came up with a 
number of key components made from a 
Pyrex brand glass. Included are a 17- 
inch display dome, 13-inch lamp chim- 
ney, and an 8-inch chamber for storing 
unpopped corn. 


Why a Pyrex brand glass? Because you 
can use it at elevated temperatures with- 
out worrying about thermal shock. (For 
example, Pyrex brand glass No. 7740 
has a linear coefficient of expansion of 
32.5x 10-7 in./in. between 0° and 300° ¢ 

Also, you can see through glass (an 
obvious but still extremely useful feature) 

And glass is so easy to keep clean, 
there’s no place for dirt to lodge in its 
smooth surface. Glass No. 7740 also is 
resistant to the attacks of most acids and 
alkalies and stands up well under dis- 
tilled water. 

You can find machines dispensing corn 
popped by hot air at Woolworth’s, 
Grant’s, Kresge’s, McCrory’s, Newberry’s 
and Sears Roebuck & Company. You 
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can find glass answers to one of your 
materials or component problems by 
coming to Corning. 

You can get a head start by perusing 
“This Is Glass,” a 64-page, well-illus- 
trated primer. And/or ask for Bulletin 
B-83, a detailing of mechanical, thermal, 
electrical, and chemical properties for 
three of Corning’s most popular types of 
glass. Use the coupon. 


PURITY—KEY TO FUSED 
SILICA’S VERSATILITY 

What material would you pick if you had 
the problem of accurate spectrum (rans- 
mission, growing high-purity crystals, or 
building a component that would not 
darken under radiation? 

The answer: Corning’s 100% Fused 
Silica, an extremely versatile material 
that will handle these, as well as many 
other, specialized tasks. And the key to 
this material’s versatility is its extreme 
purity. 

Capacity to stand up to high tempera- 
tures, coupled with optical properties 
that yield excellent schlieren or shadow- 
graph quality, makes fused silica a natural 
for installation in wind tunnels for design- 
ing supersonic aircraft and missiles. 


Optical purity and a high softening point 
(1585°C.) make Corning’s 100% Fused 


Silica useful in wind tunnel windows. 


Fused Silica also is used in ultrasonic 
delay lines, being well suited for handling 
delays ranging from 10 to 16,000 micro- 
seconds. More: You'll find this material 
possessed of high electrical breakdown 
resistance, low dielectric loss, and low 
expansion. And it is permeable to helium. 

Uses (other than ultrasonic delay lines 
and windows for wind tunnels) include 


CORNING MEANS 


Please send me: [_] ‘This Is Glass 


Name 
Company 
Street__ 


City 


ec 
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FROM CORNING 


the following: windows for high-tempera- 
ture applications, windows for hot cells, 
and the optical components for ultra- 
violet instruments. 

All the facts are now available in spec 
sheet form. Check the coupon. 


NEW—CELLULAR CERAMICS 
Now, for the first time, from Corning’s 
Cercor process, you can get thin-walled 
cellular ceramics. 

[hese cellular ceramics are lightweight, 
resist oxidation, and have an extremely 
high surface area. Here is a sampling of 
Cercor products. 


The material used to make _ these 
objects has 1500 square feet of surface 
area per cubic foot. Individual wall thick- 
ness averages only 0.005 inch; weight is 
only 30 pounds per cubic foot. 

lhis material can withstand tempera- 
tures up to 1800° F. with virtually no 
thermal expansion, and can be operated 
continuously at 1290°F. At either tem- 
perature you don’t have to worry about 
thermal shock or oxidation. 

lo provide additional 
ceramic coating can be bonded to 


strength, a 
the 
exterior of most cellular forms 

The composition of the Cercor mate- 
rials may be changed to provide desired 
physical and chemical properties, and 
further development is expected to resul 
in a broadening of potential configura 
tions and product shapes 

Suggested uses so far include structures 
for use in gaseous heat exchangers, Cata- 
lyst. supports, burne1 
packing, and acoustical filtering, fl 
control, insulation, and structural mate- 


plates, column 
t 


rials in high-temperature applications 
Inquiries invited. And/or ask for 
published bulletin detailing all pertner 


data and characteristics 


RESEARCH 


; CJ Bulletin B-83; ([] Fused Silica; (] CERCOR 


Title 





+400°F. CONTINUOUS 


. and higher ratings for short 
durations. Environmentally re- 
sistant. “Poke Home” contacts 


93 SERIES 
RACK & PANEL 


Complete connector family. 
Crimp termination “Poke Home” 
contacts +200°C 


94 SERIES 
RACK & PANEL 


Polarized aluminum shells. 
“Poke Home” contacts. Up to 63 
contacts. +257°F. 


pec 8 oe 
AMPHENOL “POKE HOME” CON- 
TACT CONCEPT IS COVERED BY: 


U.S. PAT. NO. 2,419,018 


S CORPORATIO 


part of a case. Rocker Solenoid Co.., 
Subsidiary of Telecomputing Corp.. 
915 No. Citrus Ave., Los Angeles 38, 
Calif. >529 


INCREASED TIME-DELAY 
RELAY 


Increased time delay, combined with 
high coil power and long service life, 


| are featured in heavy-duty telephone- 
| type relay designated Class 66S. 


Coil space for a relay this size makes 
practical use of long slugs for operate 


delay up to 0.15 sec and release delay 
up to 0.25 sec. 

Available with variety of contact 
combinations, and contacts from bifur- 
cated gold alloy for dry circuits to 10 
amp contacts for power switching. 
Furnished for d-c only, all standard 


| voltages to 230. Overall length, 2°42 


in.; width, 146 in.; height with DPDT 
contacts, 1%6 in. Magnecraft Electric 
Co., 3350 A West Grand Ave., Chicago 
5. i. >530 


20-AMP VARIABLE 
AUTOTRANSFORMER 

Type W20 Variac autotransformer is 
the latest model in the redesigned W 
series. Wrought metallic parts have 
been substituted for castings. Heat 
transfer between coil and base, brush 
and radiator has been improved. All 
W20 models have Duratrak contact 


| surface, which minimizes brush-track 


deterioration. 

Basic uncased models available for 
115-volt and 230-volt service, and are 
rated at a max of 3.0 and 2.4 kva. 
Cased models have knockouts for con- 


| duit or armored cables. Case front 


easily removed for access to terminals, 
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One Whatever packaging you choose for the and sizes exactly suited to you 
J; vllet of Quality Roebling Magnet Wire you buy, you are Z 44, = applications. ..and packaged to 


certain the wire is of unsurpassed quality! > give you utmost flexibility, efh- 


-Coming Up! Modern manufacturing methods... quality aia ciency, economy. Write Electrical 


ingredients . .. wire-making skill based on Wire Division, John A. Roebling’s Sor 
decades of experience ... exacting testing Corporation, Trenton 2 New Jersey, for all 
and inspection—all these factors combine the facts. 

to assure this one high standard. Yet quality 
Roebling Magnet Wire costs no more than 


others! 


ROEBLING A 


Branch Offices in Principal Cities ~ @ 


Roebling Magnet Wire comes in types — Subsidiory of The Colorado Fuel ond iron Corporation 











TITAN ATLAS BOMARC POLARIS TALOS 


Cc 


THERE !IS A REASON ...why CHRISTIE 


was selected as the principal source of 


D-C Power Supplies for all the above 


projects...RELIABILITY 


CHRISTIE'S rigid Quality Control is approved by the A.E.C. 
and leading Aircraft and Missile Manufacturers. 


CHRISTIE ELECTRIC CORP. 
3410 W. 67th St., Los Angeles 43, Calif., Dept. EM 


Precisely regulated Power Supplies of permanent stability. Ratings up to 1500 
amperes. Bulletin on Standard Militarized units available on request. 
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mounting holes and brush. General 
Radio Co., 275 Massachusetts Ave., 
Cambridge 39, Mass. >531 


MINIATURE CONNECTORS 


™ Series ot thread-coupled, minia- 
ture. lightweight coaxial connectors 
features improved electrical character- 


istics. Yields low VSWR at high fre- 


quencies and is designed so that elec- 
trical noise is eliminated. 

TM connectors are matched elec- 
trically for 50-ohm impedance. and 
some designs are available for 70 and 
93 ohm cables. Will withstand 500 volts 
rms. General RF Fittings. Inc.. 702 


Beacon St.. Boston. Mass »532 


HIGH-SPEED SAMPLING 
SWITCH 


Model 103 C > motor-driven) switch is 
13 in. wide x 22', in. long x 4% in. 
high and has 6 poles. 30 non-shorting 
or 60 shorting channels per pole. 
Matched contact plates allow simul- 


taneous sequential sampling of  cor- 
responding circuits within close phas- 
ing tolerances. 

Motor supplied with switch operates 
on 115 volts, single-phase, 60 cps at 
30 rps. Channel sampling rate is 1 rps. 
Feature is its long life. General De- 
vices, Inc... P. O. Box 253, Princeton, 


N. J. >533 


STRAIN RELIEF BUSHING 


Nylon strain relief bushing Model 68-1 
is for SJ wires and heavy-duty heater 
cord. Features a positive wire grip and 
Nylon insulation for protecting wire 
from heat. vibration, pull and torque. 

Special spring which locks securely 
into bushing prevents sharp right-angle 
bending. excessive wire flexing and 
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CHOOSE THE TYPE THAT BEST FITS YOUR APPLICATION FROM THE COMPLETE LINE OF QUALITY 


fi mpihis: Ages Sar peenre, ® 


# 


“TAN-O-MITE” TANTALUM CAPACITORS 








SERIES TS 





POROUS SLUG-TYPE 








SERIES TF 
FOIL-TYPE 


Ohmite offers you a complete kine of quality tantalum 
capacitors including three types . . . all available from 
stock in reasonable quantities. SERIES TS POROUS SLUG- 
TYPE TANTALUM CAPACITORS employ a porous 
anode of sintered tantalum sealed into a fine silver case, 
externally uninsulated. Size “‘U” unit offers a range of 
1.75 microfarads to 30 microfarads. Working voltages 
to 125 are available, depending upon capacity. These 
capacitors are polar units intended for d-c applications. 
BULLETIN 159. 


SERIES TF FOIL-TYPE These capacitors are tantalum foil, 
electrolytic units for low-voltage, a-c and d-c applications. 
Three sizes now available; .25 to 140 mfd over-all capaci- 


QUALITY Components 





{E> 
— Gm 





ALL UNITS SHOWN IN ACTUAL SIZE 


tance range. Standard tolerance is +20%. Working volt- 
ages up to 150. Polar and nonpolar units available. 
BULLETIN 152. 


SERIES TW WIRE-TYPE TANTALUM CAPACITORS These 
Mylar® insulated, subminiature, wire-type units feature 
greater capacitance per unit volume, lower leakage cur- 
rent and power factor, and small capacitance drop at 
extremely low temperature as compared to other kinds 
of electrolytics. Ultrasmall for low-voltage, d-c, transis- 
torized electronic equipment. Available in nine subminia- 
ture sizes; .01 to 80 mfd over-all capacitance range. 
Smallest size is .080 x .203 inch; largest is .134 x .812 
inch. BULLETIN 148. 


° Manufacturing Company 3613 Howard Street, Skokie, Illinois 


RHEOSTATS 


RESISTORS RELAYS TAP SWITCHES TANTALUM CAPACITORS R.F. CHOKES VARIABLE TRANSFORMERS DIODES 
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OBSOLETES 
MECHANICAL SWITCHES 


Responds to 
ferrous or 
non-ferrous 
metals 








se 
_ without contact — 


Used for positioning 
or counting parts 
and controlling machinery 


Electro Proximity Pickup and Con- 
trol outlasts mechanical switches. 
Proven on production lines, con- 
veyors and machinery. This inex- 
pensive system detects stationery 
or moving metal pieces 1/10" 
diameter or larger. Wide selection 
of stock pickups. 


Advantages over other switches 


@ no mechanical e oil and water 
linkage proof 
meets JIC ¢ low pickup cost 
requirements from $13.50) 
operates for ¢ pickups to 
years without operate 100’ 
attention from unit 





Proximity Trans- 
ducer System 
includes pickup, 
control unit and 
cable 


a7 
7 Write for =-> 
= Engineering => 


Electro 








ELEctro 
Propucts 
LABORATORIES 





Sensing Elements 
for Control 
Counting 


4501-M Ravenswood, 
Chicago 40, Ill 


Canada 
Speed and Displacement} Atlas Radio Ltd 


Measurements Toronto 
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chafing at chassis entrance. For rapid 
assembly, it is hinged with a flexible 
Nylon web. Heyman Manufacturing 
Co., 100 Michigan Ave.. Kenilworth, 
Re >534 


PRESSURE TRANSDUCER 
Series T pressure transducer is designed 
for use in either FM/FM telemetry or 
control systems. Built to withstand 50 
per cent overpressure with less than 1 
per cent zero shift, unit combines rug- 
ged construction and high performance 
with small size (1.63 in. diam x 0.65 
in. thick). 

Bourdon tube can be either beryllium 


copper. Ni-Sapn-C, or type 316 stain- 
less steel, making transducer suitable 
for normal as well as corrosive media. 
Pressure ranges of 0-100 psi and 0-5000 
psi can be handled up to a max of 200 
C. No internal connecting wiring is 
used. Rahm Instruments, Div. of Amer- 
ican Machine and Metals, Inc.. 65 
Rushmore St., Westbury, N. Y. 535 


3/4 AMP SILICON 
RECTIFIER 


Rectifiers have peak inverse voltage 
ratings from 50 to 600 volts and can 
deliver 750 ma d-c rectified current at 
50 C and 250 at 150 C. 

Are of the diffused-junction type for 
lower forward drop and lower reverse 
leakage current. EIA designations for 
this series are 1N536, 1N537, 1N538, 
1N539, 1N540 and 1N547. 

Units are useful in magnetic ampli- 


fier and d-c blocking circuits. Semi- 


FORMULA 
FOR 
REDUCED 
ASSEMBLY 
CcosTs 


You choose a tubular rivet for your de- 
sign because of its low-cost efficiency. 
But what you save at the design stage 
may be lost in production unless parts 
are riveted with automatic riveters. 
Milford Tubular Rivets and Riveters 
should be paired for maximum cost 
savings. Mention this to your produc- 
tion engineers. 
For the answers to assembly problems 
get in touch with Milford first! 


MILFORD RIVET 
& MACHINE CoO. 


MILFORD, CONNECTICUT ° HATBORO, PENNA 
ELYRIA, OHIO * AURORA, ILL. » NORWALK, CALIF 
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Vary-Tally Multiple Unit 

-- Hand-operated Counter. 

» Easy keyboard action. All 

units on same row reset 

instantly to zero with one turn 

of knob. Supplied in practically any 
ndmber of units, in any arrangement. 


Everyone can Count on 
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How can they know that they’re getting 
out of your product all the performance you 
build into it unless you also build into 

it a Veeder-Root Counter as a standard 
part? Then they have a running record of 
performance that shows them where they 
stand every minute of the working day ... 
and a record that proves your product’s 
guarantee. What’s more, it gives you a 

new plus in selling. 


How to build it in? Count on us to show you. 
Write, or phone JAckson 7-7201. 








New High-Speed Predetermining 
Counter, Series 1522, features instant 
lever reset plus quick and easy setting 
of predetermined number. Speeds up 
to 6,000 rpm. Also supplied without 
predetermining feature. 


New “‘Count-Pak"’, acomplete electronic count- 
ing package for use where high speed, long 
life and instant reset are required. Rated at 
20,000 counts per minute (with added decade 
speeds run up to 200,000 cpm). Completely 
transistorized. Photohead adaptable to any 
job. Several other “‘Count-Paks” available. 


Veeder-Root..c. 


HARTFORD 2, CONNECTICUT 
Hartford, Conn. ¢ Greenville,S.C. ¢ Altoona, Pa. * Chicago 
New York * Los Angeles « San Francisco * Montreal 
® Offices and Agents in Principal Cities 
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FROM HEADQUARTERS 


H-H RESISTORS 


The Mark 
of Quality 
since 1924 


| —all types for all 

applications — 

commercial 
or military 


FIXED RESISTORS 


ADJUSTABLE TYPES 





FERRULE TERMINALS 
Sd 
AXIAL LEAD RESISTORS 
EDGEWOUND TYPES 
CUSTOM AND SPECIALS 


BLUE RIBBON SPACE SAVERS 





Design for Reliability M, . we 
with the Hardwick, Hindle nay Line 


These high reliability components incorporate special design 
and construction features that assure the highest degree of 
dependability under the most adverse operating conditions. 
Non-crazing high temperature gray enamel, stronger core, 
welded wire connections, higher shock resistance, immunity 
to salt spray and humidity are advantages inherent in all H-H 
resistors. Fixed, ferrule and adjustable types comply with 
MIL-R-26 specifications and meet EIA standards. 


*Where Space is a Factor — 

specify H-H Blue Ribbon Space Saver Resistors. Sold through author- 
ized H-H distributors nationwide. Call or write for catalog including 
both Gray Line and Blue Ribbon Resistors, MIL Types, mounting 
brackets and accessories. Ask for your copy, now! 


HARDWICK, HINDLE - INC 


40 HERMON ST., NEWARK 5, NEW JERSEY 
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conductor Products, Bendix Aviation 
Corp., Red Bank Div., Long Branch, 
ae fs >536 


SMALL ROTARY SWITCH 


High-performance rotary switch desig- 
nated as M Series is only 1% in. in 
diam and designed for high reliability. 

Rated 5 amp, 208 volts d-c, 400 
cycle, it provides 8 positions. Can be 
built up to 6 wafers in length, giving 


a total of 48 separate circuits. A wafer 
has from 1 to 4 rollers, permitting 4 
poles, 2 positions in a single wafer. 
Weighs only 8 oz. Withstands 2 to 2000 
cps at an acceleration to 60 g’s, with 
no contact opening. Contact resistance 
averages 0.0005 ohms. 

Can be adapted to a rotary solenoid 
for use as a stepping or latching relay. 
Applications include airborne and 
ground control equipment, laboratory 
use, missiles, electronics and power 
generating equipment. Mason Electric 
Corp.. 3839 Verdugo Rd., Los Angeles 
65, Calif. >537 


MICA FILM WAFERS 


Line of low-priced mica film wafers 
increases reliability of transistors and 
other semiconductor products. Pre- 
punched to fit a wide variety of bases 
exactly and are used for electrically 
insulating the base from the heat sink. 
Interference with heat transfer is negli- 
gible because thin mica film offers a 
low thermal gradient, as well as high 
structural strength. Cold flow problems 
eliminated. Perfection Mica Co., 1322 


No. Elston Ave., Chicago, III. >538 


: (Continued on page 270) 


ELECTRICAL MANUFACTURING 





moisture 
proot 


it looks like Sam the design engineer 
(the nonchalant one in the dark 

suit) has done it again. Seems he’s 
telling Ed (his project engineer, can’t 
you tell by the scowl?) that he is all 
wet in the matter of selecting glass-to- 
metal seals for his critical components. 


This appears to be heresy on the 
part of Sam but he certainly knows 
how to keep his (design) powder 
dry. He’s one of the thousands of 
engineers throughout industry who 
specify Constantin seals for both 
special and standard components 
because of their precision engineering, 
reliability, and their imperviousness 
to any environmental condition 

. . including moisture. 








We can’t blame Sam for speaking his 
mind and we feel that sunny days 

are ahead for his boss when he comes 
to realise Constantin Seals can 
effectively stop his design “fires.” 

lf you want to keep a cool head and 
youre involved in the purchase of 
multi-headers, all-in-one assemblies, 
transistor mounts and covers, single 
terminals, end seals, and crystal 
mounts . . . specify Constantin first. 








“QUALITY WITH CONFIDENCE” 


oe en meme 


meen 


OLS Constantin «Go, sce 


GENERAL OFFICES: ROUTE 46, PLANTS: 187 SARGEANT AVE. ROUTE 46, 6TH AND CAPITOL STS 
LODI, NEW JERSEY CLIFTON, N. J. LODI,.N. J. SADDLE BROOK, N. J. 
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STRIPPIT UNITS 


... Stake nuts permanently 


with every press stroke ! 


STRIPPIT PIERCE NUT UNITS save operations, time 

and money in assembly panel production with single-stroke 
insertion of Fabristeel Multipierce Nuts* into sheet 

metal up to .125” thick. 

Permanent Fastening by an Exclusive New Process—as nut pierces 


stock. metal flows into nut shoulder slot, becoming an integral 
part of the stock. 


High-Speed—fast press setups. automatic feed of nuts to units 
for long, medium or short runs gets maximum production per press. 


Flexibility—Pierce Nut Units can be quickly press-mounted in 
any desired pattern. changed on short notice. re-used over and over. 


*A Product of Fabristeel Products, Inc 


-» 


Each nut is its own punch, Die button causes material Simultaneous embossing 
a new one each time to flow into nut slot for flush fastening 


WRITE FOR DEMONSTRATION on your press! The speed and simplicity of 
Mtrippit Pierce Nut operation has to be seen to be believed. Also request 
new catalog for complete specifications. 


waces STRIPPIT inc. saveaii 


= 


222 Buell Road, Akron, New York ch 


In Canada: Strippit Tool & Machine Company. Brampton, Ontario 
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MINIATURE SEALED RELAY 


Miniature sealed relay is designed for 
industrial applications such as machine 
tool controls, welding controls, instru- 
ments and electronic equipment. 

Key feature is the 14-terminal header 


with keyed guide post which is mated 
with a heavy-duty, mica-filled phenolic 
socket. Design permits wire checking 
and speedy replacement. 

The 4PDT unit, exclusive of socket, 
weighs approx 5 oz. Is approx 1.5 in. 
deep x 1.6 in. wide x 2 in. high, exclu- 
sive of leads and keyed guide post. 
Operating time with normal voltage 
applied to coil is 25 millisec max, and 
release time is 5 millisec max. General 
Electric Co., Schenectady, N. Y. ->539 


LOW-VISCOSITY POTTING 
COMPOUND 


Epoxylite No. 2151 compound offers 
unusual resistance to thermal shock, 
withstanding cycling to —90 F without 
failure. Low viscosity and long pot life 
permits convenient impregnation of even 
the tightest windings. 

Using vacuum techniques, system 
may be used to impregnate through 
glass cloth or powdered fillers. Can 
be cured with negligible exotherm at 
temperatures as low as 115 F to yield 
transparent, white-amber castings. Low- 
temperature cures permit system to be 
used in electronics packages containing 
delicate, temperature-sensitive inserts. 
The Epoxylite Corp., 10829 E. Central 
Ave., P. O. Box 3397. El Monte, Cali- 
fornia. >540 


VERSATILE TERMINAL 
BLOCKS 


Sectional power unit terminal blocks 
provide high-pressure, solderless con- 
nection with heavy current-carrying 
capacity for machine tool or switch- 
board termination, carefully insulated 
from each other and ground. 

Two models are available: P-3, 125 
amp; and HP-3, 250 amp. All are 


ww 


“4 
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DANO 


COILS 


Insure Health y Electrical Products 


Make sure your products have 
the exact coils specified by your 
design engineers. Every Dano 
coil, regardless of type or quan- F 
tity, is custom made to exact % 
specifications — just what the 3 
doctor ordered to insure healthy, 
trouble-free performance. 





Encapsulated Cotton Interweave 
Bobbin Form Wound 
Paper Interleave High Temperature 


ALSO, TRANSFORMERS MADE TO ORDER 








Write today for prompt analysis of your 
requirements — no obligation! 








THE DANO ELECTRIC co. ) 


93 MAIN ST., WINSTED, ccm 
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OPHAR 


~~__WAXES 
~~. COMPOUNDS 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Special waxes non-cracking at —76°F. 


Let us help you with your engineering 
problems. 
For immediate service contact: 

 &. Mayer, Sales Manager 


a rs, T ical Director 
4. $ ders, Chemical Laboratories 


Phone SOuth 8-0907 








ZOPHAR MILLS, inc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 
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These subminiature snap-acting switches have 


a BIG advantage... 


INTEGRAL 
_ ACTUATORS 


or leaf-roller 
actuator — 

an integral part 

of the switch — 

is pre-adjusted and 
mechanically locked 
in the 

switch assembly 
during 
manufacture. 


UNIMAX type USM 
integral-actuator 
switch benefits: 


Saves space in ganging, no build-up of 
thickness tolerance: stacking 4 per inch 
8 in 2 inches, 12 in three inches, etc. 
Quickly installed in miniaturized apparatus 
or hard-to-get-at places: 
no auxiliary actuator mechanism 
to adjust or assemble. 
High repeatability ,|ong switch life. 
Vibration resistant — integral actuator has 
no extra parts to shake out of adjustment. 
Lighter actuating force possible than with 
auxiliary mechanisms. 
Leaf and leaf-rollet 
actuator lengths 
furnished ; OPERATE 
to your requirements. 2% _—— 
ne 
ELECTRICAL RATINGS 
2% amp. 30 v. d-c, inductive 


5 amp. 30 volts d-c, resistive 
5 amperes 125 250 volts a-c 


Write today for information on 
Unimax subminiature snap-acting 
integral-actuator switches 


UNIMAX SWITCH 


a \iuision The 4 ‘i y larson ( Onpnarati 41 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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(# Man, this 
A-Yott 


Variable Transformer 


line has everything! 


Electronic design, development and research 
engineers are finding that the Adjust-A-Volt 
line of variable transformers is way out front in 
efficiency, durability and performance. 

Adjust-A-Volts provide smooth, continuous variable 
voltage control with excellent regulation and no 
wave form distortion. There’s a type to fit every OEM, 
laboratory, production or testing application. 

The complete Adjust-A-Volt line includes bench or 
panel mounting, manual or motor-driven operation, 
ganged assemblies, 50/60 or 400 cycle, high temperature 
or double commutator types, and military designs. 
Ratings up to 20 KVA. 

New Adjust-A-Volts are under development. Your 
inquiries for “specials” are solicited. Adjust-A-Volts 
are stocked by leading jobbers throughout 
the country. Write for 22 page catalog which 
gives all features and specifications. 


STANDARD ELECTRICAL PRODUCTS COMPANY 


VARIABLE TRANSFORMER DIVISION 


2240 EAST THIRD STREET, DAYTON, OHIO 
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supplied with marking strip or are 
printed to order. Three-circuit models 
are standard. but additional circuits 
can be provided. Marathon Electric 
Manufacturing Corp., Cherry & Ran- 


dolph Sts., Wausau, Wisc. —>541 


750 MA MINIATURE 
SILICON RECTIFIER 

Type F series silicon rectifiers are rated 
at 750 ma d-c with voltage ratings of 


200, 400 and 600 volts. Encapsulated 
into a less than 0.004 cu in. 
Sarkes Tarzian, Inc., Rectifier Div.. 
415 No. College Avenue, Bloomington, 
Ind. >542 


volume 


TRANSISTORIZED 

TIME-DELAY RELAY 
Trans-O-Netic 
ized 


relay uses a_transistor- 


control circuit and a_ specially 
designed R-C network. Network serves 
only as a time pilot for control circuit, 
which in 


electromechanical switching unit. Tem- 


turn operates a_ high-speed 


perature effects negligible over range 
of 0 to 130 F. 
Available with either 
justable time 
1.5 to 30 sec. Standard delay periods 
are 1.5, 5, 10, 15, 20, and 30 sec. 
SPDT. Models 


available for operation on 12 volts d-c; 


a fixed or ad- 


delay period of from 


Switching action is 


other voltages to follow. Contact capac- 


ity on resistive loads is 2 amp at 120 


volts a-c; 1 amp at 250 volts a-c; and 


“yy 
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MADT™ TRANSISTORS 
CONTROLLED IN 
DESIGN AND 
MANUFACTURE... 


to meet your exact 





circuit requirements 


.»» NOT SELECTED! 





No: TRANSISTOR CENTER, U. S. A., offers a new 
family of MADT (field flow) transistors in un- 
limited quantities. Here are precision transistors 
which greatly expand the design potentials of high- 
gain, high frequency amplifiers; high speed com- 
puters; high-gain, wideband video amplifiers; and 
other critical high frequency circuitry. 

Due to Philco’s exclusive electrochemical manu- 
facturing process, MADT’s are controlled not selected. 
The electrodes are precisely placed in the graded 
field to produce the exact characteristics you require. 
MADT’s are available immediately in unlimited 
quantities. Quantities 1 to 99 available ‘“‘off-the- 
shelf’’ from your local franchised Philco Industrial 
Transistor Distributor. 


Actual photo of Philco’s out- 


Tigo Memo olulehila 


precision 


etching production equipment. 


*Trademark Philco Corporation for Micro Alloy Diffused-base Transistor, 


New VHF-UHF Transistors available in unlimited 
quantities — at realistic prices! 


MADT FAMILY APPLICATIONS DATA 





Power Oscillator 


TYPE* f max Gain Efficiency Class of Use 





2N499 320 mc 10 db at 100 me amplifier to 125 mc 





2N500 45% at 200 me Oscillator to 350 me 





2N501 Ultra high-speed switch typical t, 
(12 max.); t¢ 


9 myusec; (18 max.); t, 
7 musec; (10 max.) in circuit with current 


9 mysec; 


gain of 10 and voltage turnoff. 








2N502+t 800 mc 11 db at 200 mc amplifier to 250 mc 





2N5031t 420 mc 12.5 db at 100 me amplifier to 175 mc 





2N504 50 mc (min. 46 db at 455 high gain IF amplifier 





2N588 250 me 14 db at 50 me Oscillator and ampli 


fier to 80 mc 





*Available in voltage ratings up to 35 V and dissipation ratings to 50 mw at 45°C. 
tin JETEC TO-9 Case (Widely known as JETEC 30 Case 


Make Philco your prime source of information for high frequency transistor applications. 
Write to Lansdale Tube Company, Division of Philco Corporation, Lansdale, Pa., Dept. EM 159 


mete ete Mm ete) dite] Fy wale), | 


LANSDALE TUBE COMPANY DIVISION 
LANSDALE, PENNSYLVANIA 





0.5 amp at 50 volts d-c. Heinemann eral-purpose material. Mesa Plastics 
Electric Co., 99 Plum St., Trenton 2, Co., 11751 Mississippi Ave., Los An- 
N. J. —>543 geles 25, Calif. >545 


4700 Sy 


Vicrory 


MINIATURIZED D-C BULB ADAPTER 
AMPLIFIERS Bulb adapter permits 40 mil No. 327 
Series of miniaturized d-c amplifiers bulbs to replace 100 mil bulbs in instru- 
have adjustable voltage gains of 100 to ment control panels, lighted switches, 
500, with a linearity of +0.5 per cent. indicator lights. 

Allows No. 327 type incandescent 


ENGINEERING CORPORATION 


BSal-leaslt-iiel@em £-lat-iiels 
PWelelivet-\ilelsMmad-)(-1e-lalet mm Ot-it- lets) 


CATALOGED IN EEM SEC 
109 Springfield Rd., Union, N. J. MUrdock 8-7150 


iE 


bulbs to be used in 1819, 1820 and 1829 
based on a 5 volt d-c nominal output sockets. Conical design reflects nor- 
value. mally lost side and back light to front. 

Designed primarily for telemetry A No. 327 bulb in this adapter, when 
devices, guided missiles, and other uses replacing a 100 mil bulb, gives over 
where space and weight are a premium. a 50 per cent reduction in power and 

Weighs approx 7 0z as compared to heat with no appreciable reduction in 
the 8-10 Ib of the units it replaces and usable light output. Electrosnap Corp., 
measures 2.5 x 1.19 in. sq. Networks 4220 W. Lake St., Chicago, Ill. ->546 
Electronic Corp., 14806 Oxnard St.. 

Van Nuys, Calif. >544 


. Electronic 


Thermistors - Varistors » Thermal 


Controls - Thermal, Electronic 
ond Physicel Sensing Devices 


Conductivity Cells 


JUNCTION TRANSISTOR 
The 2N331 is a germanium alloy-junc- 
HEAT-RESISTANT PLASTIC 


tion transistor of the p-n-p type, de- 
Economical asbestos-filled. diallyl iso- signed for use as a low-power a-f 
phthalate plastic withstands prolonged amplifier in critical industrial and 
exposure to temperatures up to 500 F. military applications. 

At 500 F, material retains a flexural Has a current transfer ratio charac- 
strength of 1800 psi, a compressive teristic which is essentially constant 
strength of 6000 psi, and a tensile of | over useful operating current 
4300 psi, with greater strengths at 
lower temperatures. Resists acids. alka- 
lis, solvents, fuels and corrosive chem- 


en 
te 


} ere 


~ 


range. 


2 


= 


Pg 


i 


ete. 
icals. Postmold shrinkage virtually 
sn NA-2ng’ 1" 
- 


Designated as Diall FS-6. the com- 
pound does not require extra long cure 
time or afterbakes, and can be handled ] 


oes 


and cured like any mineral-filled, gen- 


Features low collector and emitter cut- 
off currents, low base resistance, typi- 
cal power gain of 44 db, and typical 
noise factor of 9 db. 

Hermetically sealed in a metal case 
corresponding to JETEC No. TO-9 out- 
line. Radio Corp. of America, Semicon- 
ductor and Materials Div., Somerville, 


- ie >547 
GEARMOTOR 

Ps Gearmotor for automatic vending ma- 

a chines and similar applications is to- 


tally-enclosed and lubricated for life. 
Speed range is 420 to 1 rpm, and 


"u 
& 
fe) 
~ 
e 
) 
bee 
4 
: 
z & 
<q W 
2 
” 
v 
~ 
0 
q 
be 
~ 
fe) 
> 


WHAT YOU SHOULD KNOW ABOUT 


NS 
“I 


Circle 272 on page 17 ELECTRICAL MANUFACTURING 





HOW TO SOLVE 
ELECTRICAL DESIGN PROBLEMS 
WITH 


SILICONE IDEAS 


Silicone Rubber Insulated Lead Wire Takes The Weak 
Silicone rubber . Link Out Of Class B Equipment 
The weak point in Class B motors, generators and transformers 
pf is often the lead wire. At little or no extra cost, this potential 
failure point can be eliminated by silicone rubber insulated lead 
wire, standard for high temperature operation. Silicone rubber 
upgrades the performance and sales features of Class B equip- 
ment, provides a safety margin for overloads. 
Cost economies are possible, too. You can standardize on one 
type of lead wire for both Class B and Class H equipment. 
Equipment can be baked with lead wires already attached, saving 
an extra operation. Check into all the advantages of silicone 
rubber for Class B use: high-temperature resistance, moisture 
resistance, low temperature flexibility, stripping ease and others. 


Samples of lead wire flexed after heat aging. Organic rubber and 
plastic (PVC) insulations aged for 48 hours at 150°C, silicone rubber in- 
sulation aged 14,400 hours at 210°C. 


New RTV Silicone Rubber Cures Without Heat, Does 

Not Shrink, Forms No Voids 

Here is a brand new potting and encapsulating material that 

is easy to apply, cures at room temperatures and has outstand- 

ing heat resistance. Tough and elastic, G.E.’s new RTV room 

temperature vulcanizing compounds are stable up to 600°F, 

have excellent electrical properties. Viscosities vary from very 

pourable to spreadable. Can be applied by dipping, pressure 

gun, pouring or spreading. 

RTV is quickly prepared for use, cures in any time you select 

up to 48 hours. 100% silicone solids (solvent free), it cures 

without shrinking or forming voids. Flows easily into compli- 

cated shapes. Write for technical data. Samples available for ‘ f 
evaluation—just give us a brief description of your application. Cutaway of RTV encapsulation. Cures without voids, can also be used for 


molding, filling, sealing, caulking. 








Comparative Properties Silicone X Silicone Y 





New Silicone Varnish Is Easier To Apply, Protects 
Over Wider Temperature Range 





Penetration & wetting Excellent Good Good SR-155, General Electric’s new silicone varnish, is a Class H 


insulating material which offers superior performance from 
Low temperature 65°C. to over 200°C. It will not craze or crack at sub-zero 
craze resistance Excellent Fair Excellent temperatures. 

; Because it easily handles excessive emergency loads, SR-155 in- 
High temperature creases the reliability of electrical equipment. Since it is suit 
stability Excellent Excellent § Excellent able over a wide temperature range this one varnish can take 
the place of two or more, so manufacturing procedures and 
Overcoating Excellent Excellent Fair inventory can be simplified. Its smooth, glossy finish improves 
appearance. SR-155 penetrates deeper than other resins, “wets 


Blister free Sucotlent Beasties S Gusslbent out” well and will not bubble. Write for application information. 




















Chart compares essential properties of General Electric SR-155 varnish with Section D11KI, Silicone Products Dept., General Electric Co., Waterford, N. Y. 
other silicone varnishes. a { 
Plaase send me further dota o 


SILICONE RUBBER WIRE INSULATIO! 


Name 


Send for more information. | 


Company 


GENERAL @@ ELECTRIC | «=~ 


ity Zone State 
Silicone Products Department, Waterford, New York 
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miniature 


DC RELAY 


with full size contacts 
TYPE z 


AVAILABLE 
WITH 
PRINTED CIRCUIT 
TABS 


Ideal for applications requiring compactness, sensitivity, easy 
mounting and economy. Features full-size contacts for wider 
range of use and longer life. Can be supplied with tabs for 
printed circuits. 


_ —— — . - 
| Sensitivity Low Current Average 
Norme! | ; } ‘ 4 ’ — 
Voltege | Current Current ce | Current | po istonce | current 
Resistonce | mitiomps. | ***O"* | milliamps esistance | milliemps Milliomps 

, 1 —_ = } 


45 667 
18 333 
72 166 


3 140 | 21 9 | 333 
560 WW 36 166 
| 22390 | 5 | 83 
576 
| 


3304 


| 
| 
42 | 288 84 
| 1652 29 
6050 |) (18 


15 











SEND FOR COMPLETE DETAILS 
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power range min to 40 in. lb. Power 
range is available with 5 interchange- 
able motor heads plus a wound shad- 
ing pole reversible. Motor is equipped 
with rigid support for both driving 
and driven members. Motoresearch Co.., 
1600 Junction Avenue, Racine, Wis- 
consin. >548 


FLEXIBLE EPOXY COATING 


PRH 400 is a solvent-based epoxy sys- 
tem and is recommended for use as a 
protective coating for printed circuits 
and other electrical and electronic 
components. Also used as a_ surface 
primer prior to potting or encapsulat- 
ing with other epoxies. 

Features unusual flexibility and ad- 
hesion. Thin coating will not crack or 
craze even under severe stresses. Ap- 
plied by dip brush or spray methods 
and will cure at room temperature. 

A 2-part system, PRH 400 consists 
of a 60 per cent solid solution of resin 
and a 60 per cent solution of hardener. 
Permacel. State Highway 25. New 
Brunswick. N. J. >549 


MINIATURE POWER 
SUPPLIES 


Line of miniature power supplies oper- 
ates from 400 cps power line and 
provides various B voltages. 

Consists of a toroidal transformer. 
silicon rectifiers, and filter condenser, 
encapsulated and sealed in a plug-in 
base. Small size and plug-in feature 
make them of value to equipment de- 
signers. Body size is 1%46 by % in. 
high. 

Special designs available for any de- 


ELECTRICAL MANUFACTURING 





Miracle 
of 
Precision 
and 
Uniformity 


cm AUTOMATIC HEADING MACHINES form heads 


on the end of lead wires to make sure they will 


be solidly anchored in the resistor body. Wire has 


XY been previously tinned for easy soldering. 


ALLEN-BRADLEY ‘ hh i we : 
HOT MOLDED RESISTORS k ye ye: 
ARE PRECISELY CONTROLLED a. AUTOMATIC MOLDING MACHINES take the re- 
AT EVERY STAGE OF sistance powder, insulation powder, and lead 


wires, and hot mold them under closely controlled 


PRODUCTION . high temperature into one integral unit. 


Allen-Bradley has been making precisely uni- 
form resistors— not by the millions but by the 
billions —over the years. The exclusive hot 
molding process —developed and perfected by 
Allen-Bradley — uses specially designed auto- 
matic machines that incorporate precision con- 
trol at every step of production. Shown here are 
a few of the special machines that make pos- 
sible the amazing uniformity — from resistor to 
resistor, year after year—for which Allen- 
Bradley composition resistors are famous. 


Allen-Bradley Co., 1309 S. First St. 
Milwaukee 4, Wisconsin 

In Canada: Allen-Bradley Canada Ltd. 
Galt, Ontario 


ALLEN - KR AD LEY | AUTOMATIC COLOR CODING MACHINES apply 


color bands and oven-bake the enamel at high 
temperatures to assure that the color coding will 
nd “a 


withstand the maximum operating temperatures of 


Electronic Components 150°C and all types of cleaning solvents. 
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"LAMP JAX” 
NEW “DESIGN 








= 


Ideal for mounting on regular Jack HOLE DIA 


Panels. Choice of 2 frame designs. 


FOR LAMP CAP 


Nylon Lamp Housing molded di- 
rectly to frame. Lamp completely 
insulated from mounting frame. 


Can be mounted singly or in mul- 
tiple on standard Switchboard 
Panels. Accepts standard Switch- 
board Lamps, and Lamp Caps. 


Canadian Rep.: Atias Radio Corp., Ltd., 50 Wingold Avenue, Toronto, Ontario rs ae 


5539 N. Elston Ave. 


Chicago 30, III. 


“y 


AVAILABLE AT ALL LEADING RADIO PARTS JOBBEPS e 
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TINNED ARMATURE BANDING WIRE 


—Stainless or Carbon Steel 


STAINLESS * The many superior qualities of 
PAGE Stainless Tinned Armature Banding Wire 
have made it the choice of leading motor manu- 
facturers. PAGE superior tinning facilitates solder- 
ing. It has high tensile strength (200,000 psi and 
up) for compactness...low permeability and high 
resistance for greatest efficiency. It is non-corro- 
sive for safety and long life. More economical than 
bronze, as smaller diameter can be used. 


CARBON STEEL « Inexpensive tinned banding wire for 
lower-priced motors. Available in three grades: A, B, and C1. 
The high strength of C1 is an advantage where light weight 
must be achieved. 


All above wires shipped on 50-to150-pound reels 
Wire or Write our Monessen, Pa., office for full information 


Page Steel and Wire Division 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn. 
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sired output voltage, current or line 
frequency. Magnetico, Inc., 6 Richter 
Court, East Northport, N. Y. —>550 


FHP SPEED REDUCERS 

SW-1 speed reducers are available with 
aluminum-driven worm gears of bearing 
type alloy. Provide up to 3. times 
greater torque capacity than molded 


nylon type. Both gear types available 
with ratios of 3144 to 60:1, selid or 
hollow output shaft. 

Unit, with molded nylon fiber glass 
case and machined steel worm gear 
input shaft, weighs less than 21 oz and 
measures 3%4 in. high x 3% in. wide x 
344 in... deep. Rampe Manufacturing 
Co., 14915 Woodworth Ave., Cleveland 
ip, Ohio. >551 


UID LEVEL SWITCH 
Liquid level switch is designed so that 
the detecting probe may be located as 
much as 200 ft away from the transist- 


orized amplifier. 

Switch consists of a small sensing 
probe connected to a_ transistorized 
amplifier by a miniature 50-ohm, Teflon- 
insulated coaxial cable. An hermetic- 
ally-sealed beta source and a_ beta 
detector are mounted in probe so that 
they are separated by a small cavity. 
Three full access openings are pro- 
vided in probe wall to allow liquid to 
enter cavity. 

Probe is 1 in. in diam by 4% in. 
long, and is constructed of an anodized 
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RAL 


motors 


engineered to meet your needs 


Careful analysis and testing of your product together with 
experienced RAE Engineers is your assurance of the best 
motor for the job. RAE offers outstanding service and 
quality in a large variety of motors in voltages up to 250, 
and up to  H.P. (higher for intermittent duty) with many 
gear head motor combinations. Let us put our years of 
motor building experience to work for you. 

Send for the ‘‘RAE"’ service sheet. 

it will help you supply the data 


necessary for recommendations and 
prices. 


Rae MOTOR CORP. 


2009 Kewaunee St. ® Racine, Wis. 


AC/DC Universal 
DC Shunt wound 
DC Series wound 
Gear Reduction Motors 
F Governor Controlled Motors 
Motors for Rheostat Control 
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SPEED! 


ENT ATTACHING MACHINE HANDLES 
150 DIFFERENT STRIP-FED TERMINALS 
WITHOUT CHANGEOVER! 


@ Fastest per-hour rate of termination—LOW- 
EST INSTALLED COST! 

@ Takes only minutes to change heads or 
dies, when necessary. 

@ Simple... trouble-free . . . only one adjust- 
ment needed. 

@ Exclusive: wire guides into terminal quickly, 


easily. 
. @ See your T&B distributor for 
T&B-Kent Strip-Fed Terminal 
samples and bulletin. 





1B; 


—KENT MFG. CORP. 


ENGINEERED Subsidiary of 

THE THOMAS & BETTS CO. 
28 Butler Street, Elizabeth 1, New Jersey 

THOMAS & BETTS LTD., Montreal, P.Q., Canada 





Try Them At Our Expense — Prove 
to Yourself How IDEAL “All-Plastic”’ 
Wire Connectors Speed Assembly 
and Reduce Product Failures... 


Just a few twists give you a 
connection of high mechanical and 
dielectrical strength. Special plastic 
resists moisture and chemical action 


@ To make connections good for the life of 
your product — at real savings — use Ideal 
“All-Plastic’”» Wire Connectors. You save 
because Ideal offers the lowest cost, high 
quality connector on the market. The tough, 
non-porous plastic shell provides excellent 
insulation, resists nearly all chemical action 
and takes a minimum of space. Smooth, 
non-abrasive threads twist and grip wires 
firmly but never damage the finest of 
stranded wires. Easy to apply, by hand or 


power driver. Send for free samples. 


WIRE CONNECTORS by 


TRY THEM: 


IDEAL INDUSTRIES, Inc., Goeat 
=— 


Please send samples of IDEAL’S “All-Plastic’’ Wire 
Connectors. 


1008-A Park Ave., Sycamore, Ill 


Name 

Company——— 

Address- 

State 


City... _ _ — Zone 


@eeeeeeeeeeeeeese 
@eeeeeseererereecs 
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Consult NIPPERT 
tor DRAWN COPPER | 
SHAPES to your specifications 

















Nippert produces custom drawn shapes like the examples 
above, shown actual size. We can supply materials to 
match your specifications for electrical, thermal or struc- 
tural applications. Our processing methods control struc- 
ture and temper as well as provide good finishes and close 
tolerances. Send us your design or production problem 
for quotation — ask for our new technical bulletin 


SILVER-BEARING COPPER 
OFHC* COPPER 

OFHC* SILVER-BEARING COPPER 
ELECTROLYTIC COPPER 
ALUMINUM 

OTHER NON-FERROUS METALS 


ane). The new alloy that 


breaks heat barriers 


N-4 alloy, developed by Nippert Electric, offers an out- 
standing combination of properties including: 





High strength at prolonged temperatures up to 750 F. 
Electrical conductivity from 90 to 96 per cent 1.A.C.S. 
Consistency in structure and temper from lot to lot 


Write for special brochure on N-4 alloy 

















COMMUTATORS 


PE 


ELECTRIC PRODUCTS CO. 
SLIP RINGS cere rit 1759 W. Mound St. * BRoadway 4-1116 


COPPER AND OTHER ° 
DRAWN COPPER SHAPES Columbus 23, Ohio 
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aluminum alloy. Aeronautical & In- 
strument Div., Robertshaw-Fulton Con- 
trols Co., 401 No. Manchester, Ana- 
heim, Calif. >552 


MAGNETIC CORE SHIFT 
REGISTER 


Model SR-60P is a one core per bit 
magnetic shift register, capable of oper- 
ating at frequencies up to 250 ke, and 


is designed to be transistor driven. 
Most significant is the compact packag- 
ing—unit measures 46 x 38 x % in. 
Originally developed for use in a 
Naval computer controller system and 
now offered as a standard product. 
Epsco, Inc., 588 Commonwealth Ave., 
Boston 15, Mass. >553 


TELEPHONE JACKS 


Newly designed long-frame telephone 
jacks are available in 2 frame designs 
as illustrated. 

Steel frames are designed to give 
rigidity and stability. Nickel silver al- 
loy springs assure max service life and 


resistance to corrosion. Solder lugs are 


hot-tinned and phenolic spacers, type 
PBE-P per MIL P-3115A, are used for 
insulaiion. 

In 2 classifications—a commercial 
grade, in which fine silver is used for 
contact material; for military applica- 
tion, palladium contact materials used. 
Richards Electrocraft, Inc., 4432 N. 
Kedzie Ave., Chicago 25, Hl. >554 


) 


(Continued on page 282) 
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INTERNATIONAL RECTIFIER CORPORATION 














Advanced Ceramic Design of 25 Amp Silicon Diode Increases Reliability 
By Localizing Internal Expansion Under Shock Loads of Temperature 


Germanium Rectifiers 
Reduce Lost Power Costs 
as Much as 45.5%! 


Four years of field experience has 
yielded indisputable facts to indicate 
that germanium is the best rectifier for 
high-current low-voltage equipment. 

Of the semiconductors available, 
germanium exhibits the lowest voltage 
drop. This factor alone can mean real 
power savings to equipment users. For 
example, a 10,000 ampere germanium 
power supply operating ten hours a 
day, six days a week will save 912 
KWH per week over a silicon unit of 
the same rating . . . a savings in power 
dollars amounting to $948.48 per year! 
These figures are based on an average 
cost of $.02 per KWH. The user who 
pays more for power will save more! 


Pictured here is the International Rec- 
tifier 500 Ampere Germanium Junction 
featuring efficiency to 98.9% . . . the 
most efficient rectifier available for 
plating and other electrochemical ap- 
plications from 1,000 to 200,000 amps 
Write for Bulletin GPR-2S or.. 


CIRCLE READER SERVICE CARD NO. 282 
LLORAS eT I RR SS IES PIR SR 
Technical Article Available: 
Elimination of Surge Voltage 
Breakdowns of Semiconductor 
Diodes in Rectifier Units. 
Write on your letterhead. 


Here is the 25 to 45 amp silicon rec- 
tifier series that really has the “give” 
it takes to operate with long-term de- 
pendability in the toughest industrial 
applications. Capable of operation in 
temperatures to 200°C, they feature a 
mechanical ruggedness that sets new 
standards of resistance to shock and 
strain, 

Now in full production at Interna- 
tional Rectifier Corporation, these di- 
odes are the result of a completely new 
process in silicon rectifier manufacture 

The package itself is extremely rigid 
externally, but highly flexible inter- 
nally. Radial and axial stresses crossing 
the unit are taken up by adjoining 
membranes to permit localized expan- 
sion under shock loads of temperature. 
At the same time, the unique case con- 
struction forms a hard shell over the 
rectifier junction, protecting it from vir- 
tually every type of mechanical strain. 

The adaptability of this new device 
to de power supplies for high tempera- 
ture operation make this a major step 
forward in semiconductor manufacture 
that can increase the life and perform- 
ance of your equipment. 

For immediate attention to your ap- 
plication requirements, contact the fac- 


1 


Rating: 50 to 500 volts PIV + 25 to 45 Amps. 


tory or our nearest sales office. Bulletin 
SR-304-A, describing these diodes in 
technical detail is now available 


CIRCLE READER SERVICE CARD NO. 283 
* * * 


Assembling Your Own Silicon Stacks? 


Write on letterhead for technical article 
“Mounting Methods and Cooling Con- 
siderations — Silicon Stud Mounted Di- 
odes.” Ask for Rectifier News—RN858 





New Developments Broaden the Application 
Range of the Toughest of Rectifiers .. . Selenium! 


Engineers who really know will tell 
you that the selenium stack is a veri- 
table “brute for punishment!” Over the 
years it has proven to be the most de- 
pendable and versatile rectifier for the 
greatest number of power applications. 
Progressive developments at Interna- 
tional Rectifier have resulted in cell 
types with distinct advantages to equip- 
ment where selenium has consistently 
proven best and have also opened new 
areas of application where it will excel 


52 VOLT CELLS reduce stack size 50% 
as compared to standard cells, and by 
reducing the number of cells, reduces 
forward resistance by 50%, making im- 
provements in the regulation of power 
supply voltage possible. 


HIGH CURRENT CELLS now deliver twice 
the rectified dc output per sq. in. than 
do the standard cells . . . again reduc- 
ing stack size by 50%. High inverse 
voltage ratings and low forward drop 
are additional advantages 


Only International Stacks have the 
three features that add up to dependa- 
bility: Fine Grain Selenium Layer 
Platelok Construction and the Patented 
Bellows Spring. 

If you design battery chargers, arc 
welders or mag amp equipment, look 
into these advancements. Write direct 
for Bulletins SR-152 and SR-160 or, 
if you prefer 
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EXECUTIVE OFFICES: EL SEGUNDO, CALIFORNIA - PHONE OREGON 8-626! - CABLE RECTUSA 
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UNIVERSAL 
JOINTS 


INDUSTRY'S MOST COM- 
PLETE LINE FOR EVERY 
SLOW SPEED APPLICATION 





CONTOURED YOKE 


single types 


a CONTOURED YOKE > 


pee me od 














double types 


Special Contoured Yoke—capable 
of operating at a maximum an- 

ular misalignment of 45° on 
ee lam applications. 


Static Torque—from 306 to 129,693 
in.-lbs. at 12°, depending on size 
of joint. 


Horsepower Ratings—.54 to 207 
at 100 rpm. 


Tolerances—pins ground to .0005” 
... forks concentric to within .001” 

.. precision accurate center 
blocks. 


Standard Specifications—hub di- 
ameters }4 to 4”... bores 4 to 2” 
... lengths (single) 2 to 105%" 
(double) 4 to 2114”. All specifica- 
tions can be altered or special 
joints designed to individual 
requirements. 


Get this handy guide 
it’s the quick and easy way 
to get the Universal Joint = 
that is just right for your / >= “=> 
application. Request = “ni 
Bulletin 820. 


4802 W. Lake St. Chicago 44, Ill. 
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MULTI-POSITION 
ROTARY SWITCH 


Switch is designed for mounting di- 
rectly on printed circuit boards, with- 
out need for stand-off hardware or 
lead wires for electrical connections. 
Uses include switching of meter cir- 


cuits, signal selection, tone selection. 
bias selection and circuit sampling. 
Available in 2 to 12 positions, ex- 
cluding the 11-position arangement. 
Three-point contact shoe, with current 
capacity of 10 amp, provides movable 
connection with contact points on 
printed circuit board. Electronics Div., 


P. R. Mallory & Co., Inc., Frankfort, 


Ind. >555 


ON-OFF TEMPERATURE 
CONTROLLER 


Temperature controller offers as an 
optional feature an anticipating section 
which provides a close, stable control 
over temperatures of industrial proc- 
esses. Also features plug-in, 


potted electronic circuits. 


epoxy- 


The temperature differential between 


on and off is less than 1 deg F. Ap- 
plication tests show temperatures are 
controlled to within +3 deg F, and to 
within +1 deg F with anticipating 
section, within ranges of 200 to 1000 F. 
Internal rated at 5 amp, 115 
volts. Electronic Processes Corporation 
of California, 2190 Folsom St., San 
Francisco 10, Calif. >556 


relay 


CURRENT GOVERNOR 


Model CS-11 furnishes currents from 
1 wamp to 100 ma in steps of 1 uamp 


a 


at load voltages from zero to 50 volts. 

Current is set to 5 places by decade 
knobs arranged to provide a digital 
in-line readout. Accuracy at any cur- 
rent setting is 0.02 per cent +-0.1 pamp, 
short term stability 0.001 per cent, line 
regulation better than 0.0005 per cent, 
and load regulation better than 0.002 
per cent. 

Suitable as a gyro torquer current 
source which may be programmed by 
a command signal. North Hills Elec- 
tric Co., Inc., 402 Sagamore Ave., Min- 


eola, N. Y. >557 


SUBMINIATURE THERMAL 
TIME DELAY 


Unit, which has a seated height only 
7,2 in. above mounting panel, is de- 
signed to withstand continuous 20 g 
vibration at frequencies up to 1000 cps. 

Contacts are SPST, either NO or NC. 


Rating is 2 amp resistive at 115 volts 


a-c or 28 volts d-c. Time delays are 
factory set and sealed. 

Offered in 10 standard delays from 
2 to 75 sec and for standard heater 
voltages of 6.3, 28, and 115 volts. Non- 
standard heater 
available on special order. 


delays and voltages 

Diam is 34 in., height above panel 7% 
in.: overall body height 146 in. Weight 
approx %4 oz. G-V Controls Inc., Okner 
Pkwy., Livingston, N. J. —>558 


MOTOR-ALTERNATOR 
Series PA-40 is designed for all 420 
cps output service in 250 va require- 
ment area. Can be used in end equip- 
ment or in laboratory or test applica- 
tions. Will operate computers, synchros, 
servo mechanisms and other types of 
control equipment. 

Outputs available: 115 or 230 volts, 


ELECTRICAL MANUFACTURING 








ASO mechanically held relays are power driven 
in both directions with no dependency on hooks or latches 
for operating or. mechanically holding contacts 





Special ASCO Relay with 6 
D-C Poles for 600 volts, 3 A-C 
Poles for 230 volts and 125 
volts D-C control. Note Blow- 
outs on D-C Poles. 


The Unique ASCO Mechanically 


Held Movement 

_When the solenoid is ener- 
gized, eccentric cam (E) is ro- 
tated. Weight drive pin (W) 
causes movement of operating 
lever (O). Lever (O) (connect- 
ed to the contact finger block) 
rotates on pivot pin (P) and 
contacts such as (C) are 
opened or closed. 

Note that with the solenoid 
de-energized, the entire mech- 
anism is firmly locked in place 
by the angular position of the 
linkages — no hooks, latches, 
or semi-permanent magnets are 
required! 


ASCO Mechanically Held Relays 
A-C and D-C...to 25 Amperes 


Combinations to 24 Poles 


oii 
eit 


Control panel using ASCO 
Mechanically Held A-C Relays 
(Bulletin 1256-168). Notice 
multiple pole and double 
throw arrangements. 





ASCO Power Driven Relays with No Hooks or Latches: 


* Provide higher contact pressures 
* Minimize the possibility of contact welding 
* Insure positive operation 


Design simplicity is provided in ASCO Mechanically Held 
Relays through use of a single solenoid coil mechanism. 
The coil is momentarily energized during the instant of 
operation only. This momentary surge of power electrically 
operates the relay to open and close contacts; thus the relay 
is power driven in both directions, with no dependency on 
hooks or gravity for operating and mechanically holding 
the contacts. 


FEATURES 

* No A-C hum or chatter * Operate in any position * Compact con- 
struction permits mounting on metal surfaces or panelboards - 
Operated by single-coil mechanism—positive in each direction 
Silver contacts rigidly locked open or closed by angular relation 
of linkages—no delicate hooks or latches + Signal lamps require 
no extra contacts or control wires * Enclosed rating same as open 
rating due to liberal design and momentary mechanism without 
coil losses * All parts finished in cadmium plate or black to present 
good appearance and to match larger ASCO Switches. 


APPLICATION 
ASCO Mechanically Held Relays are used for automatic or 
remote control where A-C hum or chatter is objectionable, 
where coil loss is undesirable or where relays must not 
change position when the control circuit fails (low voltage 
release). ASCO Mechanically Held Relays are often used 
for master control of other control equipment, to prevent 
loss of voltage or control failure. These relays are frequently 
used for electric heaters, lighting, and similar applications. 





Mechanically Held Relays are only part of the complete line 


SPECIALIZED RELAYS 


of Relays made by ASCO. Our Catalog 57-S4 lists: 
MAGNETICALLY HELD RELAYS 


. Reverse Current 
. Time Delay 


A-C or D-C... Normally Open... Normally Closed... Double Throw 


ASCO Magnetically Held Relays use a physical arrangement 
which parallels that of ASCO Rocker Type Mechanically 
Held Relays. Since the two types are similar in appearance, 
they help to increase the attractiveness of control panels, at 
the same time offering interchangeability of contacts. 


Write for your copy of “Relays by ASCO”’’—Catalog 57-S4. 





Automatic Switch Co. 


50-M Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 
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. Brake Winding Time Delay 
. Close Differential 


(Voltage and Current Types) 


. Current Type, Welding 
. Electronic 
. Modified Arrangements 





eWicluest makes them 


midget commutators 


for big performance in little places 


ROUND AND ROUND THEY GO AND GO AND GO 


From midget to jumbo size, Triple M Molded 
Commutators are built for exacting tasks by men 
skilled in the correct combinations of plastics and 
metals. MMMidget commutators are part of a line 
of precise electric motor components.. 1535 
stock mold sizes ... Brush Caps and Holders, 
Commutators and Slip Rings. Send your prints or 
your problems to Triple M, and 


Let's talk motor components .. . the best kind ! 


eHidwest : 


AND MANUFACTURING COMPANY 





483 STOCK MOLD SIZES 


BRUSH CAPS + BRUSH HOLDERS 


COMMUTATORS «+ SLIP RINGS 


TOOLING / COMPRESSION / INJECTION 


123 ROTARY DRIVE « GURNEE 96, ILLINOIS 
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single. 2- or 3-phase, at 420 cps. Inputs 
may be supplied at 230 or 460 volts. 
50 cps, 3-phase; 220 or 440 volts, 60 
cycles, 3-phase; or 220 volts, 60 cycles, 
single-phase. Polyphase units are in 
PA-40 series, and single-phase units 
are designated SA-40. Electric Motors 
and Specialties, King and Hamsher 
Streets. Garrett. Ind. >559 


RELAYS SIMPLIFY COMPLEX 
CONTROL PANELS 


Frame 219 relays are designed to 
economize complex industrial panels 
frequently “over-relayed” with larger 
contactor-type units than are actually 
needed. 

Designed for trouble-free perform- 
ance on the order of 20 million opera- 
tions. Mechanically protected by sturdy 


plastic covers. Contacts have 10 amp 
current-carrying capacity. Contact at 
rangements are DPDT on octal plugs 
and DPDT plus 2 normally-open con 
tacts on 12-pin octal style’ plugs 
Operating coils may be a-c or d-c. 
Typical DPDT type has dimensions 
of 146 in. wide x 2°%% in. deep x 2% 
in. high, not including plug. Struthers- 
Dunn, Incorporated, Lambs Road. Pit- 


man, N. J. >560 


PRIMARY VOLTAGE 
REGULATOR 

Illustrated is a rack-type unit used to 
regulate a preset voltage adjustable 


from 7.5 to 10 volts d-c, with input 


ELECTRICAL MANUFACTURING 








For the first time...Multiplier Phototubes 

















You are looking at the first commercial mul- 
tiplier phototubes having S-20 spectral re- 
sponse and featuring a revolutionary new 
type of photocathode. 

The greatest advancement in the field of 
photoemission in 20 years, this new type of 
photocathode offers three major steps ahead 
in multiplier-phototube performance: (1) 
It has the highest red sensitivity of any type 
of photocathode known; (2) It provides 40 
per cent higher overall sensitivity than blue- 
sensitive photocathodes used in tubes hav- 
ing S-11 response and also permits a ten- 


fold improvement in equivalent noise input; 





Se ee Soe hee 


(3) It has low thermionic dark current, plus 
high conductivity—even at temperature as 
low as that of liquid air! 

The unique type of photocathode used in 
the RCA-7265 and -7326 is another example 
of RCA leadership in multiplier-phototube 
development. Today, RCA offers the largest 
line of multiplier phototubes in the industry 

23 types in all. 

RCA also has many developmental types 
of multiplier phototubes available to you as 
an equipment manufacturer on a sampling 
basis. Ask your RCA Field Representative 


for complete details. 


Rca RADIO CORPORATION OF AMERICA 


= 2 Electron Tube Division 


Harrison, N. J. 


PHOTOSE US: ryp 
DEWCES amp 
CATWORE aay -, 


For free technical information on RCA-7265 and -7326, 
os well as Catalog CRPD-105A on RCA Photosensitive 
Devices and Cathode-Ray Tubes—covering RCA's mul 
tiplier phototubes—write RCA Commercial Engineer 
ing, Section 4-16-Q, Harrison, N. J 


RCA Field Representatives are here to help you 


DUSTRIA TUBE PRODUCT SALES 


+ 744 Broad St., Newark 2, N.J. HUmboldt 5-3900 
+6355 E. Washington Bivd 


Los Angeles 22, Calif. RAymond 3-836! 


+ Suite, 1154, Merchandise Mart Plaza 


Chicago 54, lil. WHitehal!l 4-2900 


+714 New Center Bidg., Detroit 2, Mich. TRinity 5-5600 


* 744 Broad St., Newark 2, N. J. HUmboldt 5-3900 
* 224 N. Wilkinson St., Dayton 2, Ohio. BAldwin 6-2366 
* 1625 ''K'' St., N. W., Washington 6, D. C 


District 7-1260 
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OUCE 
in plastics 


By BARTO L. ATTIG, Sales Manager 
AMERICAN INSULATOR CORPORATION 


One of The Men Behind The Man From AICO 


Most of the men from AICO, the Sales Engineers who serve Aico custo- 
mers, are recruited from the ranks of skilled technicians within our own 
organization. Because of their firsthand experience and work in Engineer- 
ing, Die Making and actual molding of plastics, Aico Representatives 
are singularly qualified to provide you with the most economical solution 
to your molded plastics problems. Next time you seek fast, low-cost pro- 
duction of custom molded plastics . . . regardless of molding material, 
molding method required or quantities involved... Talk to A Man From 
AICO. Aico’s unexcelled service, plus coordinated facilities for molding 
all types of plastics under one roof, saves you time, saves you money 
eliminates split responsibilities 


AICO MOLDED PLASTICS REPLACE METAL 
BLOWER WHEELS IN AIR CONDITIONERS 


AICO Molded blower wheels now 
provide manufacturers of air condi- 
tioners and heating units with several 
important production and operating 
advantages. Blade sections are aero- 
dynamically designed . . . an achieve- 
ment economically impossible in fab- 
ricated metals. Because they're molded 
to exacting tolerances, precision 
accuracy is achieved without costly 
machining and finishing . . . produc- 
tion cost is lowered, assembly time 
reduced. One-piece construction results 
in silent operation, higher air delivery 
efficiency than possible with metal . . . 
plus dimensional stability in a wide 
range of temperatures. 


AICO offers you this valuable handbook graphically 

+ R E E \ illustrated and showing how proper design will lower 
PLASTICS | the unit cost of molded plastic parts. Handbook tells 
DESIGNER'S ‘ and illustrates how costly errors can be avoided when 
| parts are in the design stage. Send for your FREE copy 


HANDBOOK today use coupon below 


A completely integrated plostics 
molding service with unmatched 
experience and coordinated 


AICO’S Nook of 


. facilities for Engineering, Mold 
Pla stics Knowledge Building, Compression, Transfer, 
Plunger, injection and Cold Molding 
— plus the molding of Reinforced 
' Fiberglos 
BEE SESE SESS SSS eee 


Lettering to be molded on part should A | C 0 

be on surfaces parallel to the parting MERICAN ENSULATOR NORPORATIVIN 
line, sides of characters should be well New Freedom, Pa. 

tapered. Character depth of Y%a-inch E 
is considered adequate depth of 
%ya-inch is maximum recommended. 
Confine lettering to flat surfaces, 
lettering on curved surfaces requires 
a split die or complicated die making 
Additional information on lettering is 
fully covered in Aico’s Plastics De- Title 
signer’s Handbook. Coupon will bring 
your FREE COPY 


Please send me a FREE copy of Aico's 
PLASTICS DESIGNER'S HANDBOOK. 


Name 


Company 


Address 


voltage variations and a load current 
variation from 0 to 500 amp d-c. 
These systems, using magnetic am- 


| plifiers, may be used with existing 
| rectifiers which do not employ closed 
| loop voltage or current regulation. 


Regulation accuracy of systems can be 
improved by from 10-20 per cent to | 


| per cent for all conditions of line 
| voltage and load current variation. 


Available in various sizes to 7.5 kw, 
both 3-phase and single-phase, 50 and 
60 cycles. Gemco Electric Co., 25685 


W. Eight Mile Road, Detroit 40, 


| Mich. >561 


SNAP-ACTION SWITCH 

HAS LOCK-OUT FEATURE 
Safety lock-out feature in toggle-actu- 
ated snap-action switches prevents ac- 
cidental switching of a DPDT unit to 


| a potentially dangerous position. Par- 
| ticularly applicable to switching of 


aircraft instrument control circuits. 
In order to move toggle to its posi- 


| tion of neutral, operator must raise 
| or pull out toggle handle. Toggle can 
| be moved to opposite direction without 
| this safeguard. 


Available on DPDT switches afford- 


| ing 4 different switching combinations: 


momentary, neutral, maintained; main- 
tained, neutral, momentary; momen- 


| tary, neutral, momentary; and main- 


ained, neutral, maintained. Milli-Switch 
Corp., Frankfort, Ind. >562 


a 


(Continued on page 288) 
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Producers of 
Guidance Slip Rings 
for 


BOMARC* 
POLARIS 


* 60-RING 
BOMARC 
SLIP RING 


’ Experience on Projects such as: 


@ JUPITER “C” @ NIKE 

@ JUPITER © CORPORAL 
@ REDSTONE @ NAVAHOE 

@ ATLAS @ AND OTHERS 


Write for illustrated brochure 
SLIP RING COMPANY OF AMERICA 


3612 WEST JEFFERSON BLVD. 
LOS ANGELES 16, CALIF. 
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WIRES MARKED! 
Permanently 


os c 


cables, leads, ( 


and grouping 
wires! 








— _¥ 


METAL IDENTIFICATION TAGS OF EVERY DESCRIPTION 


TERMINAL TAGS are rapidly replacing obsolete string and paper identifi- 
cation methods—they mark the end of identification problems! Made of 
aluminum, steel, brass, or zinc, in a variety of styles and sizes. TERMINAL 
TAGS are easy to apply, and are used in the manufacture of aircraft, 
radios, telephones, motors, generators, etc. They can be stamped or em- 
bossed to customer specification 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 
P.O. Box 9-254, Newport, Ky. 
PHONE CO 1-2035 
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RAIISFORMTEND 


Step-Down 
Class Il 


This new line of low power transformers is designed for 
remote control and signal circuits. An entirely new 
sce eer araarammmagstiase 92 a 


Vertical Mounting 


Fully Enclosed 
for Conduit 
Connection 
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| PHASE-SEQUENCE 
| INDICATOR 

Model VAS phase-sequence indicator 
provides a means of instantly determin- 
ing the order in which voltage peaks 
occur in a 3-phase, 115-volt, 400-cycle 
power line. Panel mounting instrument 
is suited for integration in test stands, 
panel boards and special equipment. 





Consumes less than 1 w of power; 
has a voltage range of 75 to 135 volts 
rms and a frequency range of 300 to 
500 cps. Sequence displayed by 2 pilot 
lamps for both 1-2-3 and 3-2-1 sequence. 
Operates continuously at max rated 
voltage from —65 to +160 F. Opad 
Electric Co., 69 Murray St., New York 
a, Os 8 >563 


TACHOMETER GENERATOR 

D-C tachometer generator features un- 
usual brush life and voltage linearity. 
Manufacturer claims a brush life of 
100,000 hr (over 10 years) of continu-- 
ous operation at 3600 rpm. Linearity 


arge 15 ampere contacts elimi- 
nate additional load relays. 


Stop down time with plug-in com- 
ponents for fast timer replacement. 


@ Easy to set dial whether short or 
long timing. 


@ Choice of 9 actions available for 
each of 3 contacts. 
Select operation required for your 
circuit. 


@ Set dial to exact time required. 
No guessing at numbers. 


@ Accurate repeatability insures uni- 
form production. 


®@ Proven reliability in thousands of 


industrial processes for more than 


25 years. 


Install timer in seconds with op- 
tional plug-in feature. 
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EAGLE SIGNAL CORPORATION 
Industrial Timers Division, Dept. EM-159 
MOLINE, ILLINOIS 


Please send FREE Bulletin 110 containing 
complete data on Microflex Reset Timers. 





NAME AND TITLE 





COMPANY 





ADDRESS 





STATE 
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from 0 to 12,000 rpm is better than Yo 
of 1 per cent of voltage output at 3600 
rpm. 

Construction similar to previous mod- 
els, except for use of special brush ma- 
terials and a commutator fabricated 
from an alloy containing more than 85 
per cent pure silver. Servo-Tek Prod- 
ucts Co., 1086 Goffle Rd., Hawthorne, 
mM. J- >564 
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WESTINGHOUSE 
SILICON POWER 
RECTIFIERS 


wily 


Up to 

35 amperes 
half-wave. Weight: 
0.65 ounce. 


302 


Up to 

18 amperes 
half-wave. Weight: 
0.65 ounce. 


303 


Up to 
12 amperes 
half-wave. Weight: 


304 


0.25 ounce. 


For efficient medium-power rectification on land, at sea and in the air 


Westinghouse types 304, 303, and 302 
rectifiers offer a range of current and 
voltage ratings which are ideal for effi- 
cient medium-power rectification. 


All three types are immediately avail- 
able from stock—and at an attractive 
price! They are characterized by long 
life, high efficiency, low regulation, low 
cost, and operation at high ambient 
temperatures (up to 190°C junction tem- 
perature). They meet or exceed require- 
ments of all applicable military tests. 
And they are available in a variety of 
rectifier assemblies. 

Listed below are some suggested appli- 
cations. 

@ DC power supplies for ground and 

airborne 


e@ 6-12-24-48 volt AC-DC generator 
systems 

e Battery chargers 

Small plating supplies for laboratory 

use 

Power supplies for business machines 

Computer power supplies 

Transistor power supplies 

Telephone exchange DC power 

supplies 

e@ Power supplies for marine smallcraft 

e Electronic tube filament supplies 


For further design data, contact your 
Westinghouse representative or write to 
Westinghouse Electric Corporation, 
Semiconductor Department, Young- 
wood, Pennsylvania. 


SILICON POWER RECTIFIERS - GERMANIUM TRANSISTORS « SILICON POWER TRANSISTORS 


you CAN BE SURE...1F ITS \ Vestinghouse 
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Teast oie 


COMING SOON—HIGH-SPEED GERMANIUM 
DYNISTOR SWITCH 


featuring low stand-by currents, low in- 
ternal power loss, and switching time in 
the milli-microsecond range. Watch for 
announcement of availability. 





NATIONAL ay 
RETAINING RINGS 


simplify 
your 
designs! 


TYPICAL APPLICATION 


and 


ENGINEERING 
National Retaining Rings have effected important ASSISTANCE 
economies in a wide range of applications from end drawings 
heavy duty machinery to toys. Elimination of 
machining, threading, nuts and cotter pins are 
typical advantages. In many applications, reduced 
space and weight requirements and substantial 
savings in material can be accomplished with 
these easy-to-install retaining rings. 


The NATIONAL LOCK WASHER COMPANY 
Serving Industry Since 1886 
NEWARK 5, NEW JERSEY e MILWAUKEE 2, WISCONSIN 
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WATERPROOF 
DLZ7/S 7H MOLDED COILS 








Molded from the new epoxy 
resins, the coils are imper- 
vious to water, oils, dust, 
acids, alkali solutions and 
water base hydraulic fluids. 


The windings are completely 
encased in the thermoset- 
ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
same resin as is used in the 
encapsulating process. 


Coil windings are currently 
being molded in green, 
black, red, and blue colors, 
and all four colors are rec- 
ognized by Underwriters’ 
Laboratories as _ insulating 
materials for general pur- 
pose application 105° C. 
Class A requirements. 


Write Dept. E For Complete 
Details 


DELUXE COILS, INC. 
Post Office Box 364 * Wabash, Indiana 
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MINIATURE CIRCUIT 
BREAKER 


Model 45-700-P eliminates accidental 
circuit interruptions. Trip-free mecha- 
nism prevents breaker reset while over- 
load conditions prevail. Depression of 
reset button will not interrupt circuit 
once breaker is closed. For applica- 
tions such as appliances, tools, motors, 


electronic equipment. Can be installed 
singly or in banks and will handle 
surge currents up to 5 times rated cur- 
rent. Carries continuous current at 
ambient of +68 F. Models available 
from 0.05 to 25 amp. E-T-A Products 
Co. of America. 6284 No. Cicero Ave., 


Chicago 46, Il. > 565 


A-C TO D-C STATIC 
CONVERTERS 


Model 2596-A operates from 55 to 
+85 C. delivering 25 amp at 28 volts 
d-c. Required input is 3 phase, 108 to 


117 volts a-c at 400 cps. Max voltage 
excursion under all conditions is 26-30 
volts d-c. 

Unit measures 5°4 x 414 x 4 in. and 
weighs 7.20 lb. Other models in series 
provide output power up to 5.5 kw. 

Applicatiot.s: aircraft, missiles, nu- 
clear submarines, and computers. R/S 
Electronics Corp., 435 Portage Ave., 


Palo Alto, Calif. ->566 


MINIATURE BREADBOARD 
COMPONENTS 

Complete line of miniature. precision, 
breadboard components consists of pre- 
cision cast and ground breadboard 


(Continued on page 293) 
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NULL 
METER 


PHAZOR 


A PHASE 

SENSITIVE 

NULL METER 

WHEREIN NOISE 

AND HARMONIC 

VOLTAGES ARE 

EFFECTIVELY 

ELIMINATED MODEL 100A 
e Allows separate balance of in- 


phase or quadrature in null cir- 
cuits. 


Eliminates the necessity for fil- 
ters. 


High sensitivity. 


Direction of null clearly shown on zero centered 
meter. 


Synchro zeroing without recourse to coarse and 
fine switching. 


For further information contact your nearest 
representative or write for brochure 


INDUSTRIAL TEST EQUIPMENT CO. 
55 E. 11th ST. - NEW YORK 3 : GR. 3-4684 
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CHOSEN 
TO PROTECT TINY 
“BRAIN” CELLS 


Engineers of one of the largest manufacturers of ‘‘brain'’ cells 
are enthusiastic over their STONIZED protective jackets for bobbin 
cores used in digital computer circuits. Reason: STONIZED jackets, 
easily and firmly forced over the cores, provide better protection 
than previously obtained with plastic. And it cuts material costs, 
saves labor, withstands greater heat. 

Improved coil forms for IF and RF coils, arc suppressors for line 
type fuses, are a few examples of STONIZED applications. Speci- 
fications: Inside Dia. 1/16” to 1%"; Wall Thicknesses, .006” to 
.125”; Lengths, 3/64” to 33”; Heat Resistance, 220° F. continuous. 

Stretch, strength and toughness are built into STONIZED jackets, 
bushings, sleeves or tubes by combining two selected insulating 
popers and a flexible resin impregnation. STONIZED solves 
difficult problems for many industries by combining the needed 
choracteristics of a wide variety of special papers and resins. 


WRITE TODAY FOR REPRESENTATIVE SAMPLES AND BROCHURE 


Stonized 
STONE PAPER TUBE COMPANY 


Division of Stone Straw Corporation 


900 Franklin Street, N.E., Washington 17, D. C. 


JANUARY 1959 Circle 297 on page 17 


RELAYS 


—___ From One Source 


Telephone 
Relays 


M dger 
Relays 


Keying 
Relays 


Rotary 
Relays 


Sealed 
Relays 


Sensitive 


Relays 


latching 
Relays 


Stepping 
Relays 


Delay 
Relays 


Timers 
Contactors 


Motor Starting 
Relays 
Differential 
Relays 
Polarized 


Relays 


AN Approved 
Relays 


1/2 
4 7 / 


got oe” 


Advance Relays a 
~ Automatic Electric 


C. P. Clare ry 


\ers Elgin Neomite 
Guardian Electric 
Leach Relays 
Phillips Control Phl-bred> 


(=) Potter & Brumfield 
Struthers Dunn 


Ftd Terado 


Besson & Robinson M2778 


BY And Others 


Order Lorge or Small Quantities 
WRITE FOR RELAY CATALOG C-9 


For 24-Hour Delivery 
Phone: West Chicago 1100 


RELAY SALES, Inc. 


Box 186-B 
TWX West Chicago, Ill., 3464 
Circle 298 on page 17 


NEW 
1959 


miniature 
transformer 
catalog 


Approved MIL-T-27A Designs 


~NEW TRANSISTOR 
TRANSFORMERS: 


DC to DC Converter, Silicon Rectifier- 
Power, Input, Driver, Output, Chopper 


write for 
detailed 


1959 
catalog 





IMMEDIATE DELIVERY 
FROM STOCK AT 
FRANCHISED STOCKING 
DISTRIBUTORS 


MICROTRAN se sreden 
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The world’s finest machines 
Fba- Mele} ahsce)tl-to Mb aces s:M Oubhdl-3 ad w E-bacbasl-> 4 
ost en ste pat am opbt-Jal ol bhace) all @vovatece) Mhr-taley ats 


The Cutler-Hammer line of heavy duty 
oil-tight pushbuttons and precision die- 
cast control stations surpass anything 
ever before available to serve the 
needs of machine design engineers. 
Cutler-Hammer Oil-Tight Control 
Stations are precision die-castings to 
permit both base and one-hole mount- 
ing of the control units. The one to 
four element control stations are avail- 
able in either the normal depth or the 
exclusive shallow depth for use where 
space limitations are critical. 
Cutler-Hammer Pushbutton con- 
tact blocks are easily tandem mounted 
without special adapters, and use less 
behind-the-panel space than any other. 





Circuits can be arranged in any com- 
bination of NO and NC contacts. 

Indicating lights come in a wide se- 
lection of colors with either plastic or 
glass lenses. Among the many special 
operators are: Roto-Push*, the com- 
bination pushbutton-selector switch; 
PresTest®, the self-testing indicating 
light; knob, key, lever, and coin type 
selector switches; flush, long, mush- 
room head, guarded, and palm type 
pushbutton operators. For further in- 
formation, write on your company let- 
terhead for the C-H Master Design, 
Pub. EL178-B-231 ...Cutler- Hammer 
Inc., Milwaukee 1, Wis. 





Special Purpose 
Operators and 
Accessories 


PresTest—the self-testing 
indicating light 


Indicating lights, six colors available 
with plastic or glass lenses 


Roto-Push—the one button control 
station ... with or without lever ring 
in a deep precision die-cast enclosure 


Selector switches—knob, lever, 
key, coin 


CUTLER’-HAMMER 


fatel ha-te} t 


Complete line of cover plates for cavity mounting. 
Compact contact blocks take 40% less space behind 
the panel than the next smaller element. . . additional 
blocks easily tandem mounted .. . from 2 to 8 separate 
circuits in any combination of NO or NC contacts. 


The hinged cover on the larger Oil-Tight Contro! Sta- 
tions facilitates assembly and alterations. Precision 
die-castings permit both base and one-hole mounting 
of the control units. Raised edge on the box mates 
with the neoprene-cork cover gasket for a perfect seal. 


Cetler-Hommer Inc., Milwaukee, Wis. Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.: Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation, Inc. 
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plates, shaft hangers, shaft collars, 
shim spacers and gears in the fine pitch 
series (96, 120 and 200 pitch). PIC 
Design Corp., 477 Atlantic Ave., East 
Rockaway, N. Y. ~>567 


MINIATURE PRECISION 
POTENTIOMETER 


Series 4 Vernistat potentiometers are 
size 11 components (1.062-in. diam). 
and weigh only 2 oz. Available with 
max output impedances of 200, 100 and 
40 ohms, combined with high input 
impedance, and low output quadrature. 


Min output voltage increment is 0.01] 
per cent and terminal linearity is 0.05 
per cent. 

Applications in servo systems, con- 
trol systems, and analog computers. 
Among the military systems in which 
it is currently being used are the Atlas 
ICBM program and the test set for the 
automatic flight control system of the 
B-58 Hustler. Perkin-Elmer  Corp.., 
Vernistat Div., Norwalk, Conn. >568 


A-C VOLTAGE DIVIDER 


Model DT-35 is an accurate a-c voltage 
divider with high input impedance, low 
output impedance and small phase 
shift. A 2-decade ratio transformer and 
an interpolating potentiometer give ac- 
curate 4-place readings of voltage ratio. 

Concentric dial arrangement with 
mask and setting window avoids con- 
fusion during adjustment and reading. 


(Continued on page 294) 
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extremely 
rigid specifications! 


The illustration shows the cast bronze spindle bearing of a very well-known 
and popular metal-working lathe. 


The manufacturer of this lathe has extremely rigid specifications covering 
tolerances, finish, structural quality of the bronze and roundness of the 
bearing even though the bearing is split for its entire length. 


A manufacturer with such requirements naturally turns to Bunting to 
satisfy them. 


For the unusual, as well as the usual, in bearings, bushings, bars or special! 
parts of cast bronze or sintered metals, see Bunting first. 


BUNTING SALES ENGINEERS in the field and a 
fully staffed Product Engineering Department are 
at your command without cost or obligation for 
research or aiding in specification of bearings or 
parts made of cast bronze or sintered metals for 
special or unusual applications. 


Ak Ot wnKele Kor Your Copy On 


Bunting's “Engineering Handbook on Powder Metallurgy” 
and Catalog No. 58 listing 2227 sizes of completely 
finished cast bronze and sintered oil-filled bronze bearings 
available from stock. 


Bunting. 


The Bunting Brass and Bronze Company * Toledo 1, Ohio * EVergreen 2-345] 
Branches in Principal Cities 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF 
CAST BRONZE OR SINTERED METALS. 
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STRAIN | 
RELIEF | 
BUSHINGS 


for standard 
and special 
wires & cables 


Standard 
Insulating and 


ELECTRICAL 


CORDS & CABLES 


| terminals provided. Withstands up to 


FREE TEST SAMPLES will be sent on the 


receipt of the sizes of the wires you are using. 





HEYMAN 
MANUFACTURING CO. 


KENILWORTH 1, NEW JERSEY 


Me ne 
* MAni—say wet™ 
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| desired. 


| Pressure switch is available in 2 
| els, Model 610 for gage pressure and 


| Suitable 


Brake provided for locking interpolat- 
ing potentiometer. 

Can be attached directly to a panel 
by means of its mounting plate or, if 
and 
the 
41, in. long | 
j in. Electro Meas- 
7524 S. W. Macadam 
1, Ore. >569 


plate can be removed 


replaced by panel itself. Size of 


evlindrical enclosure is 
with a diam of 2! 
urements, Inc., 


Ave.. Portland 


MINIATURE PNEUMATIC 
PRESSURE SWITCH 


2 mod- 


Model 617 for 
Both have operating range from 0 to 


differential pressure. 


30 psi, temperature range of —5! 
160 F. 
ANPT. 
The 
approx 


2 


and a port size 


switches diam, 


») 


are 1% in. in 
in. long and weigh approx 
Oz. 

\ feature is the potted integral snap- 
action, SPDT electrical switch. Solder 


15 g’s. Meletron Corp., 950 N. High- 
land Ave., Los Angeles, Calif. ->579 


ELAPSED-TIME INDICATORS 

Series 53 indicators are unsealed and 
available in round (53RET) 
and 3% in. (53SET) models. 
production 
recording 


3% in. 
square 
and 
running 
time of machinery, and in electrical 


for use in 


utilization studies, 


| and electronic equipment. 


Self-starting synchronous motors used 
are for 115 or 230 volt, 60 cycle oper- 
ation. Standard 5-digit registers record 
total hours or hours and tenths. with 


POSITIVE 
DEPENDABLE 


Aulomalia Control 


RELAYS 
TIMERS 
TIME CONTROLS 


AEMCO offers you fresh, new ideas 
that save you money in automatic 
control .. . ideas that save you valu- 
able time, too! Your inquiries are 
invited—write for complete infor- 
mation. 


RELAYS 


We specialize in both 
design and manufacture 
of relays to your specifi- 
cations. Should one of 
hundreds of stock 
AEMCO relays fail to 
meet your specialized 
requirements, we will be 
happy to build a unit to 
specifications. 


INDUSTRIAL 
TIME CONTROLS 


Control that vital opera- 
tion automatically! Avail- 
able in many different 
models with automatic or 
manual re-set, AEMCO 
time controls help elimi- 
nate waste ...speed up 
production. Dials are 
easy to read ... units are 
easy to set and install. 


——— 


Pan Vivvo Toeyy =~ 


{ 
\ 
\ 


For detailed information on 
AEMCO Relays or the com- 
plete AEMCO Industrial 
Time Control line. 
~ 
~ 
ee 


AEMDD INCORPORATED 





66 State St. ¢ Mankato, Minn. 
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GOOD NEWS FOR 
CIRCUIT & SYSTEMS DESIGNERS! 


ELECTRICAL MANUFACTURING’S 


comprehensive 5-article series on 


Boolean Algebra 


now combined in a 
68-page reprint booklet! 


An invaluable technique—boolean algebra—for every engi- 
neer who needs to analyze or synthesize switching systems in 
any medium, or design circuits directly from specifications. 


In this 68-page reprint booklet—now off press—ELECTRICAL 
MANUFACTURING now brings together the complete series of 
tutorial articles by Boris Beizer and Stephen W. Leibholz, 
published in these pages, May through September. 


Here’s a quick run-down on the subjects covered: 


e Language and Laws of Boolean Algebra—Starting at the begin- 
ning, the authors examine the basic concepts of boolean algebra as 
a system engineer’s tool for understanding and designing electrical, 
mechanical and hydraulic switching systems. 


e Analyzing Combinational Circuits by Boolean Matrices and 
Karnaugh Maps—Here the authors deal with procedures for (1) de- 
riving the boolean function of multipath switching and (2) visualiz- 
ing and simplifying the boolean expression for any logical circuit. 


Company 
Address 


e Analyzing Specifications and Designing Circuits—Advancing a 
step further, the authors tell how to transform a set of requirements 
into synthesis maps for correcting contradictions or ambiguities, 
and how to synthesize the boolean functions of the final circuit from 
the corrected map analyses of the specifications. 


(cash); 
copies of the 


e Circuit Design Using Boolean Matrices and System Synthesis 
Using State Coding—Here the authors examine still other methods 
for achieving circuit simplicity, through use of boolean matrices. 
They explain how to draw state diagrams detailing desired switch- 
ing sequences. 


ORDER FORM 


e Designing Sequential Circuits—When a circuit possesses “mem- 
ory,” the techniques of analysis and synthesis used for combinational 
circuits must be augmented. So here the authors deal with the two 
sets of equations that must be derived, one set describing each 
output, the ether describing each internal secondary (feedback) 
control. 








To round out this informative series an appendix has been in- 
cluded dealing with Tabular Reduction Techniques; also a selected 
bibliography containing 106 references to related articles. 


ORDER COPIES FOR THE WHOLE STAFF! 


Engineering Applications of Boolean Algebra is published in an 
attractively bound edition of 68 pages, size 84” x 11”. Nominally 
priced at $2.00 per copy; $1.80 each on orders for 5 to 25 copies. 
Quantity rates on request. Send remittance with order (adding 
3 percent if for New York city delivery) to ELecrricAL MANv- 
FACTURING, 1250 Sixth Ave., New York 20, N. Y. 


(check) for 
68-page design compendium, “ENGINEERING APPLICATIONS 


OF BOOLEAN ALGEBRA." Mail copies (postpaid) to: 





1250 Sixth Avenue, New York 20, N.Y. 


Enclosed is our remittance 





The Gage Publishing Company 
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NEW sie 
SMALLEST 4:zexate 
ROTARY 
SELECTOR 
SWITCH 


only 3-1/2 oz. 


These circuit selectors or stepping relays, model BD2, per- 
form dependable, remote switching jobs such as, stepping 

. counting . . . programming. . . circuit selecting .. . 
sequencing .. . and homing. 


check these features: Small and light . . . the four wafer selec- 
tor switch is only 1%” wide, 27%2” long and weighs only 3% 

oz. ... available with 1, 2, 3, or 4 switch wafers... 12 

positions with silver alloy contacts .. . 12 position floating 

ratchets . . . anti-overthrow latch . . . flange mounting 

. a choice of ratings from 3 to 300 volts D.C... . avail- 

able in hermetically sealed models . . . and designed to 

meet all applicable environmental tests of MIL-E-5272B. 


& 


immediate delivery from stock of standard model, 
part No. S-10019-004...3 pole, 12 throw switch- 
ing, 12 position, notch homing, self-interrupted, 28 
volts D.C., flange mounting 


Lite Baley. ++ for engineering and stock model 


information ... Bulletins 55882 and 558ST2 


123 WEBSTER ST., DAYTON 2, OHIO 


IN CANADA: Marsland Eng. Ltd., Kitchener, Ontario 
IN EUROPE: N.S.F. Ltd, 31-32, Alfred Place, London, England 
N.S.F. GmbH, Further Strasse 101a, Nurnberg, Germany 
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white numerals on black backgrounds 
and tenth markings in red. Mounting 
dimensions are those of standard 
ASA/MIL 3% in. meters. Marion 
Electrical Instrument Co., Grenier 


Field, Manchester, N. H. >571 


VERNIER POTENTIOMETER 


Type 81-A_ Rinco-Pot vernier potentio- 
meter is a 3-decade voltage divider 
using the Kelvin-Varley circuit to pro- 
vide high resolution and accurate 


voltage division. A single control knob 
operates either of 2 resistance decades 
with positive drive. 

An easy-to-read dial registers di- 
rectly to 4 places ‘vith no possibility 
of parallax error. Mounts similar to a 
square-cased panel meter. 

Specifications: full scale resistance 
accuracy +0.05 per cent: linearity 
£0.01 per cent; resolution 0.002 per 
cent or better. Power rating 5 w. Oper- 
ating frequency d-c to 10 ke. Rinco, 
Inc., 7962 S. E. Powell Blvd., Portland 


6. Ore. >572 


FLANGE-MOUNTED CLUTCH 
Flange-mounted size 2.5 Style SM 
coupling type clutch is for applica- 
tions in a minimum of space. 

Furnished with a mounting flange 
only 24 in. sq and 1%¢ in. long in- 
cluding armature and driven hub, and 
only 1 in. long without armature and 
driven hub. 

Can be offered with a coil suitable 
for operation on any d-c source with 


(Continued on page 299) 
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—first step to better coil design 


Manufacturers of electromagnetic 
equipment can reduce material and 
production costs now—by switching 
to ALCOA® Aluminum strip windings. 
Equipment designed with ALCOA strip 
is more compact, lighter in weight, 
and better able to dissipate heat than 
conventional wire. For information 
about recent ALCOA developments in 
this field and how they benefit you 
please turn the page. 





NEW DESIGN CONCEPTS WITH ALUMINUM STRIP 


by Robert R. Cope, Aluminum Company of America, Pittsburgh, Pa. 


Light weight, better space factor, better heat dissipation, low 
voltage between turns, less point-to-point contact . . . these 
characteristics of aluminum strip have long intrigued designers 
of electrical windings. Today, this aluminum application is a 
practical reality 

Intensive research and testing by ALCOA have contributed 
to important technical breakthroughs. New techniques are 
solving problems relating to edge effect, joining and insulation 

Recently, ALcoa purchased the transformer division of 
Automation Instruments, Inc., to perfect winding techniques 
and to produce prototype coils for customers’ evaluation 
With this added facility, the electrical windings division of 
ALCOA Research Laboratories is equipped to wind coils from 
small solenoids up to distribution transformer sizes for test- 
ing by manufacturers—an important, new service for the 
electrical industry. 


ALUMINUM’'S NATURAL ADVANZAGES 


Aluminum weighs less. In general, an aluminum strip winding 
weighs only half as much as an equivalent winding of copper 
Based on equal current-carrying capacity, 0.48 pounds of 
aluminum replaces one pound of copper. (Figures are for 
61.0 per cent conductivity aluminum, 97 per cent conductivity 
hard-drawn copper.) ALCOA No. 3 EC alloy has been devel- 
oped expressly for electrical windings. Space factor of alum- 
inum strip can be 90 per cent and higher; for copper wire, 
55 per cent to 65 per cent is typical. Thus, although an alum- 
inum strip requires more conductor volume than a conventional 
wire winding, the total space occupied by each is about the 
same. Variations in space factor will depend on the strip-to- 
insulation thickness ratio. 

Aluminum strip windings permit higher current densities 
because each turn has an outside radiating edge that provides 
effective heat dissipation. Layer-to-layer temperatures are 
constant; hot spots are virtually eliminated. The inner turns 
of a wire-wound coil cannot radiate heat as efficiently as the 
Outer turns. 

In most cases, aluminum strip windings can be manufac 
tured at lower cost than equivalent wire windings. Aluminum 
strip lends itself to automation; new high-speed winding 
techniques have reduced fabrication costs by eliminating 
much of the hand labor necessary with wire 

Conventional wire windings require heavier insulations to 
withstand (1) abrasion during winding, (2) abrasion from 
point-to-point contact between turns, (3) layer-to-layer volt- 
age, which may be many times the turn-to-turn voltage 
Aluminum strip insulation needs to withstand only turn-to- 


interleaving sheet-type insulation 
with aluminum strip. 


Specially designed equipment for 
winding smaller coils. 


turn voltage because a single turn occupies the entire width 
of the coil. Thus, thinner and less abrasion-resistant insula- 
tions can be used, such as interleaved sheets of Mylar or 
Kraft paper . . . coatings of varnish, lacquer or epoxy 
anodized films or vitreous enamel 

ALCOA has tested every known method of joining alumi- 
num. Some techniques proved impractical or costly. But 
successful joining has been accomplished with ultrasonic 
welding, high temperature soldering, shielded inert arc weld- 
ing, cold pressure welding, resistance welding and mechanical 
joining. Cold pressure welding is quite practical; joints have 
high strength and conductivity. Ultrasonic welding requires 
no heat, precleaning or flux; joints are made quickly between 
parts of different thicknesses, or of multiple thicknesses—and 
the weld can be made through many types of insulation. 

Where is the best application for aluminum strip windings? 
In power devices or electronic equipment, the economics of 
aluminum strip windings are indicated when customary wire 
sizes are 24 gage or larger. However, in many aircraft and 
missile applications, where weight is a critical factor, alumi- 
num strip is a natural application regardless of size. 

Here, at a glance, are the main areas of comparison: 





HARD-DRAWN ALUMINUM STRIP 
COPPER WIRE No. 3 EC 


Weight (Ib /cu in.) 0.321 0.098 
Specific gravity 8.89 2.70 
Coefficient of linear 

expansion (/°C) 
Thermal conductivity 

at 20°C / watts /sq in. \ 

\ in. /°C 9.7 6.0 

Electrical conductivity 

at 20°C, per cent IACS 97 61.0 
Electrical resistance at 

20°C (microhms /sq in. /ft) 8.40 13.14 
Temperature coefficient 

of electrical resistance 

at 20°C (/°C) 


Modulus of elasticity 


PROPERTY 


0.000017 0.000023 


0.00381 
17 x 106 


0.00409 
10 x 10¢ 





ALCOA Aluminum Electrical Windings will reduce your costs 
and improve your product. We'd like to prove it. Send your 
specifications to us and we will wind sample coils. Then make 
your Own test. 

ALUMINUM COMPANY OF AMERICA, 2260-A Alcoa Building, 
Pittsburgh 19, Pennsylvania. 


Preliminary testing of foil-wound 
transformer. 


Send for Alcoa's new 
Conductor Selector 


cououcros 
Sececros cHant 


Chart, a convenient 
slide rule for convert- 


fT ALCOA ©. 
ALUMINU AA 


ing standard wire ALusinus COMPANY oF amaniea 
sizes to equivalent 
strip conductor. 





voltages up to 90 volts d-c. Has static 
torque rating of 30 in.-lb. Stearns Elec- 
tric Corp., 120 N. Broadway, Milwau- 
kee 2, Wisc. >573 


SMALL TRIMMER 
POTENTIOMETERS 


Designed for horizontal-mounting ap- 
plications, these trimmer potentiometers 
measure only 14 in. sq by % in. 
Available for stud-mounting (Model 
MS-4) and (Model 


lead-mounting 


MS-5) on printed wiring boards, both 
models feature low temperature-coefh- 
cient resistance wire, precious metal 
wiper, Mylar and Teflon insulation. 
Rated at 14 w and available in stand- 
ard resistance values from 100 ohms to 
10 k ohms. Miniature Electronic Com- 
ponents Corp., Holbrook, Mass. -»574 





Postage return cards are provided 
on pages 17 and 19 as a conveni- 
ence to the reader in obtaining 


further information on 

New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 


Advertised Products 
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Need tough, uniform, accurate ceramic parts — 
then it will pay you to talk to Wisconsin Porcelain Co. 


Wisconsin Porcelain parts can 
help you guard against profit-eating 
production slow-downs due to de- 
fective or irregular ceramic parts. 


Expert engineering assistance is 
yours for the asking to help you 


select porcelain, refractory, steatite 
or filter body parts suited to your 
requirements. 


Send a sample or blueprint. 
You'll get a prompt answer on 
materials, prices, delivery. 


WISCONSIN PORCELAIN CO. e 115 Market St., Sun Prairie, Wis. 
In the Chicago Industrial Area... Serving the 
Electrical and Electronic Industries since 1919. 
Circle 307 on page 17 


Data brochure 
and samples 
sent on request. 





ARE 


conomical 


Low tooling charges keep 
prices down, yet quality 
remains high. Our auto- 
matic molding procedure 
permits economical incor- 
poration of terminal designs 
into the molded part. Thus, 
costly secondary operations 
are eliminated and you gain 
further economies. 

If your specifications include 
dimensional stability, min- 
iaturization and high dielec- 
tric strength 


Get the facts on 
COSMO NYLON BOBBINS 


SALES DIVISION OFFICES 
Arizona, California, Colorado Connecticut, Illinois, Massachusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington and Canada 





-COSMO PLASTICS COMPAN 


3239 WEST 14 STREET * TOwer 1-5697 * CLEVELAND 9, OHIO 
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Laboratory 


and 
Engineering 
Equipment 





TIME SEQUENCE CONTROL 


Completely automatic, time sequence 
control eliminates operator errors and 
makes possible repeatability of test 
readings. May be set to control 3 sepa- 
rate timing operations simultaneously. 





Operating on 3 channels, unit han- 
dles any time up to 130 sec on selected 
channels. Company will provide other 
models with circuitry designed to meet 
These 


equipped with an automatic 


special testing requirements. 
may be 
reject alarm or a measuring meter 
relay. 

Originally designed for laboratory 
work, control is produced in sturdy 
construction for line production testing. 
Mid-Eastern Electronics. Inc., 32G 


Commerce St.. Springfield. N. J. +575 


VOLTAGE-CONTROLLED 
OSCILLATOR 

Model 956 dual-channel 
trolled 
subcarrier frequencies to 250 ke and 


features 2 channels in one package 


voltage-« on- 


oscillator includes extended 


with separate plug-in center frequency 
and deviation networks. 

Each channel consists of a chopper- 
stabilized d-c amplifier. a multivibrator 
and an output amplifier. 

Designed to produce carriers which 
are frequency modulated by signals in 
the +2.5 volt range. Chassis design 


allows tubes to project into vertical 


MIOWE STERN WSTRUMENTS WC 





air flow for convection cooling when 
units are stacked. Unit can be sup- 
plied in LC-956 daboratory case or 
rack adapter. Midwestern Instruments. 
41st and Sheridan, Tulsa, Okla. >576 


DIGITAL OHMETER 
Model 781 was developed primarily for 


receiving inspection and_ production 


checking of resistors. Measures re- 


sistance from 0.1 ohms to 10 megohms 
in 5 ranges: 9999 999.9 99,99 9 999 
.9999 K ohms with an accuracy of 0.05 
per cent of reading | digit. Approx 
max voltage across test resistor at bal- 
ance is 6.3 volts at top of each range 
and zero volts at zero resistance. 
Average balancing time is 1 sec. 
illuminated readout that 
snaps out for simple bulb service. Also 


Features 


provided with removable non-glare 


hood. Stepping switches are sound 
insulated and swing up and out of 
inspection and service. 


Systems. Inc.. Del Mar. 


Calif. >577 


position for 
Non-Linear 


COLOR-CODING MACHINE 


Spectra-Coder Model 701, when used in 
conjunction with Spectra-Ink or any 
other instant drying ink, puts a useful 


tool in the hands of the engineer. 

Speeds up to 500 fpm are normal. 
and any vinyl-insulated white wire can 
be dyed immediately to any one of 9 
colors. 

Useful for color coding shielded and 
jacketed wire. and smaller sizes of 
coaxial line. Spectra-Strip Wire & 
Cable Corp.. P. O. Box 415. Garden 
Grove, Calif. >578 


HORIZONTAL SHAKE TABLE 


The LCM-100, a high-frequency vibra- 
tion exciter that features a horizontal, 
air-supported shake table, has a wide 


frequency range. 5 to 15 ke, and a high 
force output, up to 100 g. 

Table is push-pull driven from each 
end. and is supported by air bearings. 
This suspension eliminates “cross talk” 
and does away. with — troublesome 
springs and flexures. 

Provides a flat force output with little 
phase shift over entire audio spectrum. 
Electrodynamic Div.. L. C. Miller Co.. 
5005 East Slauson Ave.. Los Angeles 
22. Calif. >579 


SOLID STATE 
ELECTRONIC COUNTERS 


Line of totalizing and predetermined 
electronic counters is designed for lab- 
oratory or production control service. 
Using solid state and cold cathode 


components in circuitry eliminates 
warm-up time and tube replacement. 
Compact and lightweight 3-. 4. o1 
5-decade counters measure only 9 x 7 
x 6 in.: weigh about 7 lb. Several ac- 
cessories available: magnetic pick-ups. 
infra-red beam pick-ups. stylus pick- 
ups and pulse shaping pre-amplifiers. 
All accessories obtain operating power! 
from counter itself. Redford 
Instrument Division. Lake Luzerne, 
N. Y. >580 


Corp.. 


PULSE GENERATOR 
Model B-7 


repetition rates from 20 cycles to 2 m« 


pulse generator provides 
from an internal oscillator, pulse widths 
from 0.05 psec to 1000 psec and pulse 
delays from 0 to 10,000 psec. 

Output pulse has amplitude of 50 
volts either positive or negative into a 
load of 50 ohms. Rise and fall time 
is 0.02 psec. 

Packaged in a small fan-cooled rack 


ELECTRICAL MANUFACTURING 





Nickelectric News 


VAN DEVELOPMENTS IN NICKEL AND NICKEL ALLOYS AND THEIR APPLICATIONS VAN 





Inconel brushes hold carbon electrodes, help this 
airborne searchlight light up. Product of Arma 
Division, American Bosch Arma Corporation. 


New Airborne Searchlight 
.. » Radiant heat from its 5000°F 


arc is no problem for Inconel 


GARDEN City, N. Y. This new Arma 
airborne searchlight generates 130 
million candlepower — more than the 
total light from a million automobile 
headlamps. It burns 15 minutes at a 
time, instead of the 30-60 seconds of 
existing aircraft searchlights. 

Thecarbon arc reaches temperatures 
of 5000° F or more. Away from the arc, 
temperatures drop off rapidly but cer- 
tain parts of the searchlight must 
operate in intense heat. So the elec- 
trode brushes (see drawing) are made 
of Inconel* nickel-chromium alloy to 
withstand this heat, electrode abrasion, 
oxidation, and creep for hundreds of 
lighting cycles. 

Where you design parts to resist 
high-temperature stress, fatigue, cor- 
rosion, Inconel alloy is an excellent 
material choice. In very high tempera- 
ures (such as springs used at 1100° F) 
Inconel “X” age-hardenable nickel- 
chromium alloy is successfully used. 
Both alloys are strong, ductile, are 
readily formed and welded. 

Pertinent Literature: Write for Inco 
Bulletin T-7, “Enginee ring: Prope rties 
of Inconel and Inconel ‘X’. 

Circle 328 on page 17 
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New G-E Electrolytic Capacitor Electronic Grade 
“A’* Nickel lead wires help make it rugged. 


Small, rugged capacitor 


..- Nickel leads boost its strength 
HupDSON FALLS, N. Y. The new Solid 
Tantalytic® capacitor is designed for 
low voltage circuits —its capacitance 
changes not more than 20% from 
+85°C down to ~80°C. General Elec- 


3 Inco Nickel Alloys help Fenwall 
build high reliability into 
aircraft fire detector 


... Protect sensing salts for repeated warning service 


ASHLAND, Mass. An aircraft fire de- 
tection system made by Fenwall, Inc., 
features radically improved accuracy 
and reliability for flight safety. It 
eliminates false alarms from moisture 
and averaging, gives continuous detec- 
tion along whole sensing element loop, 
contains no moving parts. 





INCONEL ALLOY SHEATHING © 


ELECTRONIC GRADE 
“A” NICKEL WIRE 


SALT COMPOUND & INSULATION 











Section of detection element, 
Inco Nickel Alloys. 


The 


showing use of 


sensing element consists of a 
strong, flexible Inconel* nickel-chrom- 
ium-iron alloy tube with a wire of 
Electronic Grade “A’* Nickel at its 
center. The space between is filled with 
an inorganic salt. (See drawing above. ) 
The element is connected to a signal 
amplifying control unit. 

Overheat at any point along the ele 
ment, or spread over many feet of its 
length, causes the salt’s electrical re 
sistance to drop sharply. The element’s 
electrical current flow changes, trig- 
gers an alarm. System returns to 
standby condition when overheat con- 
dition is corrected. 


Designers at Fenwall needed a flexi- 
ble sensing element tube — of a metal 
that resists fire, fatigue, oxidation, pro- 
tects sensing element salts for life of 
the airplane. They chose Inconel alloy. 
(Note sensing element in photo below.) 
The core wire requires good electrical 
conductivity, plus all the tube’s prop- 
erties, so designers chose Electronic 
Grade “A” Nickel. And for the element 


This fire and overheat detection element, enclosed 
in Inconel tube, is so flexible it can be twisted 


like a helical spring and still stay serviceable. 


spring mounting clips, they chose Inco 
nel ““X’’* non-magnetic, age-hardenable 
nickel-chromium-iron alloy. Inconel 
“X” clips retain springiness even at 
elevated temperatures. 
Pertinent Literature: Write for * 
Nickel Alloys for Electronic 
Circle 330 on page 17 


Inco 
Uses”’. 








designers gave it unusual resist 
ance to mechanical shock with Elec- 
tronic grade “A’’* Nickel lead wires. 
They chose Nickel for three good rea- 
sons: (1) welds easily high thermal 
coefficient of electrical resistivity aids 
quick, strong spot welding. (2) solders 
easily speeds hermetic sealing, and 
assembly into circuits. (3) meets strin- 
gent mechanical specifications — leads 
(0.0201” diameter) withstand 30 sec- 
ond pull test of 3 pounds, four 90 
alternate bends. 


tric 


Pertinent Literature: Write for “Inco 


Technical Bulletin T-15”. 
Circle 329 on page 17 





Monel **403” alloy has 
low permeability plus 
advantages of Monel alloy 


Monel “403”* alloy is comparable to 
Monel* nickel-copper alloy itself, ex 
cept that it provides a low magnetic 
permeability. Typical permeability is 
1.004 at room temperature, 200 oersted 
field strength: permeability will not 
exceed 1.1 at 27° F in 0.5 oersted field 
Like Monel alloy, Monel “403” alloy is 
easy to form, machine, weld, braze, 
solder. Also important, it retains low 
permeability during cold working. 


Pertinent Literature: Write for “Basic 
Data — Monel ‘403° Alloy.” 


Circle 331 on page 17 
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only the IMUOLN cradleclip| WIRING 


a SYSTEM 
offers these advantages to designers and 


producers of wire harness assemblies! 


/ AST . . takes only 5 seconds per fixing point . . . many times 


faster than any other methods now in use. Provides a sig- 
nificant savings in time and labor . . . speeds up production. 





HEXEL . . . ideal for the harnessing of any type of elec- 


trical or electronic wiring system. In case of design 
changes wires may be quickly and easily removed or re- 


located . . . merely open the clip, remove the wire and then 
reclose the clip . . . it's fast, easy and economical. No need to 
use new fastening devices for each change as with other 
methods. Saves time and materials. 


LEAIULNT . . . “Cradleclips” not only provide a strong, 


vibration-free method of anchoring and binding 
wire harnesses but also provide greater ventilation for the 
cables. Cradles hold cables free of panel walls for excellent 
air circulation and heat dissipation. Provides a better cable 
rating with the possibility of using smaller diameter cables or 
the same diameter with a higher load. 


ALL BACKED UP BY FACTUAL PROOF 
IN THIS TIME STUDY REPORT... 


Tests conducted by an independent Time-Study Organiza- 
tion provide positive proof of the time and material savings 
that can be realized through the use of ‘Cradleclips." 
This report could show you how to save your firm thou- 
sands of dollars each year. Write today for your free 
\ copy of the ‘‘Cradleclip’’ Time Study Report plus a free 
\ kit of ‘Cradleclip’’ samples. 


\ 


= @ product of 
124 EAST 40th ST. 
NEW YORK 16, N.Y. 
e 
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mounting occupying 8°4 in. of panel 
space. Width 19 in., depth 13 in. Ruth- 
erford Electronics Co., 8944 Lindblade 
St., Culver City, Calif. >581 


TRANSISTORIZED 
POWER SUPPLY 


type PS-T-LV12_ provides 
a continuously variable output of 6 to 
18 volts at 2 amp. Load regulation is 
0.3 per cent no load to full load, and 


Laboratory 


line regulation is 1 per cent for a 105 
to 130 volt input. 

Compact and light-weight, unit fea- 
tures long life and high efficiency and 
is available in rack or bench mounting. 
The Reflectone Corp., Post Road and 
Myano Lane, Stamford, Conn. >582 


WIDE RANGE D-C POWER 
SUPPLY 


Model No. M-1193 provides a d-c out- 
put of 5-50 volts at 50 amp from an 
a-c input of 110, 220 or 440 volts, 60 
cps, single-phase. 

Wide output voltage range accom- 
plished by means of a rotary switch, 
which provides 3 separate ranges that 
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FOR BETTER BENCH 


4 iN ge) MOCK-UP TESTS ! 


Variable Frequency J 


MOTOR 
GENERATOR 


MODEL 


AUTOMATIC 
ADJUSTMENT 45 EPOT 


360 TO 440 CPS 


Fully automatic variable frequency motor generator set adjusts 
360 to 440 CPS. Generator mounted controls include reset but- 
tons, limit switch. Motor and generator remain stationary. Variable 
drive pulley adiustment controlled by small motor 





REMOTE 

CONTROL 
CONTROL PANEL Remote =—s ite 
hronous motor Guency adjustmen 
bm ge genera- Varies speed from 
tor controls includ- !080 to 1320 r.p.m., 
ing magnetic am- thus varying fre 
plifier, voltage reg- GU eNCyY. Bench 


mock-up 
ulator in cabinet. tion may be lo- 


cated anywhere. 








MANUAL ADJUSTMENT 


Small iaboratory, manually adjust- 
ed models, continuously adjustable 
permitting the often desired fre- 
quencies of 36, 40, 50, 60 and 
70 cycles per second. For this 
application, a 1{ direct cur- 
rent motor was used. Also avail- 
able with single phase or 3 phase 
motor drive. 60 CYCLE 

A. C. GENERATORS 
WRITE FOR FOLDER — IT’S NEW! from 350 watts to 500 KVA 


Builders of fine Electrical Machinery finee 1928 
KATO Sepincering Gmpany errr, 
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ELECTRONICS ENGINEER 


Manufacturer of automatic controls located in northwest 
suburb of Chicago is seeking a young man age 30 to 40, 
with college degree in Electronics or Electrical Engineer 
ing plus 6 to 8 years experience in design and develop 
ment in the electronic field, with special emphcsis cn 
control systems or servomechanisms. 

Exceptional opportunity for one desiring responsibility 
for an electronic development program now in its infant 
stage. 

This is an AAA-1 company with modern facilities and 
complete employee benefits. 

Give full information concerning education, experience, 
personal dota and salary. 

Write Box No. 112 
Electrical Manufacturing 


1250 Sixth Avenue, New York 10, N.Y. 
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DYKEM 
STEEL BLUE’, 


Leases {Ain Popular package is 


| f “ 8-oz. can fitted with 

making Dies and |. = zy Bakelite cap, holding 
= | mae: seft-hair brush for a 

Templates OViCEM | plying right at wh a 

Tee 17¥ metal surface ready for 

pe EL BLU , _layeut in a few minutes. 

} > \ The dark blue background 

* makes the scribed lines 

show up in sharp relief, 

prevents metal glare. In- 

creases efficiency and 

accuracy. 


‘i Write for sample 
ee on company letterhead 
— 7 ; DYKEM COMPANY 
With = Vth St. ¢ St. Louis 6, Mo. 
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To Introduce APECO © 
ea 

Ply-On Laminator ii 
—— 


To Business 


Executives! 


SEND US 
ANYTHING’ 


REPORT, RECORD, 

PRICE LIST, BLUEPRINT, CATALOG 

PAGE, LAYOUT, SALES AID, 
PRESENTATION. PHOTOGRAPH, 

LEGAL DOCUMENT, SIGNATURE CARD, ETC. 


It Will Be Returned to You 


Sealed With Permanent Plastic Finish 


The new Apeco Ply-On Laminator is an entirely 
new office machine—-it protects, preserves and 
beautifies any paper with a thin, tough, trans- 
parent film of DuPont Mylar. Papers become 
tamper-proof, completely guarded from becoming 
dog-eared or torn—-no matter how roughly han- 
dled. Grease marks, ink stains, finger smudges 
all signs of wear just wipe away. In addition, it 
adds beauty, brilliance, prestige and impact that 
lasts forever. The cost? Mere pennies! 

*Offer is restricted to paper pieces only—not exceeding 


11°x 17”. American Photocopy Equipment Company cannot 
be responsible in case of joss 


Look what the Apeco Ply-On Laminator can do! 


Preserves Much Handled Office Forms. . .Revitalizes 
Worn Originals. ..Reinforces Weak Points. . . Protects 
Vital Papers. . .Beautifies Sales Literature. 


Get This FREE Book 


In addition to a laminated sample, 
you can have this FREE Book which 
graphically explains the “Miracle of 
Office Laminating.” Fill out coupon 
and mail today. 


American Photocopy Equipment Co. 
2136 W. Dempster St., Evanston, Ill. 


Please send me your free book “The Miracle of Laminating 
Also Laminate the enclosed sample and return to me 


Name 

Title 
Company___ 
Type of Business 
Address_ 


a ieee Zone State 
in Canada: APECO OF CANADA, LTD., 30 Dorchester Ave., Toronto 18, Ont 
in Mexico: APECO OF MEXICO, S.A., Ignacio Esteva 7, Tacubaya 18, Mexico, D.F 
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WEST VIRGINIA 
PRESSBOARD 
INSULATION 


t 


jf | 


FULL LINE LOW COST 


Better Dielectric Quality 
No Metallic Particles . . . 
100% Virgin Kraft Stock 
Wide Choice of Thicknesses 
Uniform Quality 
PRESSITE 


For Air... Ot... Askarel Trans- 
formers. An absorbent, unsized board 
of 100°, virgin kraft stock free of 
metallic particles. Excellent dielec- 
tric, physical and chemical properties. 
Thicknesses: .031” to .250”. Color: 
natural kraft. 


ELECTRITE 
Harder Roard for \ ariety of Punch- 
ings. A high grade board treated with 
natural rosin size for moisture resist- 
ance. High tensile strength. Punches 
clean. Thicknesses: .031' to .250' 
Two colors: brown and black. 


DENSITE 

Extremely Hard Board . . . Sized or 
Unsized. Used by many manufac- 
turers to replace more costly types of 
insulation. Thicknesses: .031’ to 
.125’’. Color: natural kraft. 
Underwriters’ Laboratories, Inc. 
report E-3987—57N2130 is your 
guide to proper selection. Write 
for a copy. 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Board Products Sales 
230 Park Avenue 


New York 17, N. Y. 
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are used in conjunction with a poten- 
tiometer to supply smooth continuous 
voltage adjustment over each range. 

Regulation accuracy +1 per cent 
for line variations of +10 and +] 
per cent for load changes of 10° per 
cent of full load to full load. Ripple 5 
per cent rms max. Perkin Engineering 
Corp.. 345 Kansas St.. El Segundo, 


Calif. >583 


SERVO SYSTEM ANALYZER 


Model H_ Servoscope for analysis of 
servo systems measures phase. transient 
response and gain, and facilitates fast. 
accurate plotting of Nyquist. Bode or 
Nichols diagrams. 


Covers frequency ranges 0.1 to 2.0 
cps and 1.0 to 20 cps, and provides 
phase measurements to 1 deg accu- 
racy. Frequency accuracy +5 per cent 
of setting. 

Generates sine wave and modulated 
carrier waveforms. Suitable for 19 in. 
rack or bench use. Weight 30 Ib: size 
19 x 884 x 12 in. Servo Corporation of 
America, 20-20 Jericho Turnpike. New 
Hyde Park. N. ¥ >584 


TRANSISTOR TESTER 


Model 2675 makes 8 different tests of 
any one transistor type and is fail-safe 
in operation. Hand-fed by a single 


operator, has automatic unload, and 
delivers transistors into either accept or 
reject. classification. 

Feature is its patchboard program- 
ming system, permitting selection of any 
type d-c test and sequence. All test 
stations may be used individually on 
combined for a variety of d-c parame- 
ters. All power sources, detection ap- 
paratus, transistor connections and con- 
trols are connected to patchboard sys- 
tem. Eder Engineering Co., 1568 So. 
First St.. Milwaukee 4. Wisc. >585 


(Continued on page 306) 


Slide 
Rules 


were 
once 
taken 
for 
granted! 


but not anymore. Not since 
ELECTRICAL MANUFACTURING — pub- 
lished Ira Ritow’s two-part feature 
in the March-April 1958 issues. In the 
words of one engineer “This 
material is a major contribution to 
engineering knowledge of the day!” 


Aware that too few engineers were 
using their most basic professional 
tool to its fullest advantage, the edi- 
tors of ELECTRICAL MANUFACTURING 
did something about it. They put the 
problem up to Ira Ritow, author of 
the popular “Capsule Calculus” and 
“Fundamentals of Servomechanism 
Design.” Drawing upon his experi- 
ence in teaching college math, engi- 
neer Ritow came up with an entirely 
new technique for explaining the use 
of the slide rule in solving engineer- 
ing problems. 


Response to the published article 
was immediate. Engineers working 
on all types of projects ordered re- 
print copies* for their personal use 
or for their company training pro- 
grams. Engineering schools requested 
it for classroom use. Truly. a need 
had been recognized and filled. 


“Slide Rule Mathematics” is typi- 
cal of EM’s_ specialized editorial 
approach to fundamental areas of 
design engineering. It demonstrates 
why the magazine has such dedicated 
readership among the “pro” design 
engineers in the vanguard of tech- 


nological progress. 


*The 20-page reprint, “Slide Rule 
Mathematics.”’ is available at $1.00 
per copy, postpaid. Orders accompa- 
nied by remittance should be sent to 
the attention of Reader Service De- 
partment, ELECTRICAL MANUFAC. 
TURING, 1250 Sixth Avenue, New 
York 20, N. Y. See the handy Order 
Form on page 200. 

sewers ne 
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-.-Could happen to any man 


Jones suffered a heart attack. It happens to hundreds of thousands of Americans each year. 
Heart attack, or coronary artery disease, is our nation’s leading single cause of death, account- 
ing for 250,000 fatalities annually. 


But because of new advances in diagnosis and treatment, 
most victims of heart attack recover to lead useful and 


productive lives. 


Cibktrriebe 


Jones recovered and is back at his desk today, thanks to 
new medical knowledge developed through heart research. 


Dit: 


Your Heart Association, through your support of the 
Heart Fund, has allocated more than $32 million during 
the past ten years to research on heart and circulatory 
diseases. A large portion is being spent to discover the 
underlying causes of atherosclerosis, a form of hardening 
of the arteries, which is responsible for heart attack. 


When you give to the Heart Fund, you are joining forces with medical science to carry 
forward intensive research on all forms of heart and blood vessel disease. Thus, you are 
making the best investment you can to safeguard your heart and the heart of each member 


of your family. 


tn 
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Thermostatic Bimetal 


ACTUATES ANOTHER PRECISION PRODUCT 


A Product of Hotpoint Co., 
Div. of General Electric Company 
5600 W. Taylor St., Chicago 








WETTING AGENT DISPENSER 


The efficiency of modern automatic dishwashers is appreciated by millions 
of Americans, male and female. But the 1959 Hotpoint dishwasher offers a 
feature which leaves dishes not only clean but free from the annoying 
marks left by drying mineral-carrying droplets. Literally spotless is the glass- 
ware which passes through rinse water because the Wetting Agent Dispenser 
releases a measured amount of the vital material in the last rinse cycle, at 
the proper temperature. This eliminates formation of droplets so all dishes 
dry spotless, regardless of the mineral content or hardness of the water. 
The simple control of this ingenious device is actuated by reliable Chace 
Thermostatic Bimetal. 


Behind the development of this valuable mechanism is many years of ex- 
perimentation by Hotpoint’s laboratories—with waters from countless areas, 
with hundreds of detergents and chemicals, and timers and dispensers of 
scores of designs. The result is a dependable product. Chace, too, has 
expended hundreds of thousands of manhours—over a third of a century— 
to develop a complete range of thermostatic bimetals destined to perform 
their silent, unseen duties in appliances, protective devices and machines 
which make modern living the miracle it is. And, not yet content, Chace 
maintains one of the most complete bimetal development and testing de- 
partments in the industry, a facility which has kept pace with the growth of 
Chace bimetal production and the demands for high quality elements for 


temperature actuated devices. 


When you design for a temperature responsive mechanism, remember 
precision Chace Thermostatic Bimetal is available in 30 types, in strip, 
coil or completely fabricated and assembled elements of your design 
Write for new design data booklet, ‘Successful Applications of Chace 


Thermostatic Bimetal.”’ 
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FIVE-DIGIT D-C VOLTMETER 
Model DVA-501 measures d-c voltages 
and prints results on paper tape. Con- 
sists of a power module, d-c switch 


| module, printer control module and 


printer. Features transistorized circuits 
and modular internal and external con- 
struction. 

Will measure d-c voltages between 
0.001 to 999.99 volts to an accuracy 
of +0.01 per cent and one digit. Aver- 
age balance time 2 sec. Electro In- 
struments, Inc... 3540 Aero Court. San 


Diego ll, Calif. >586 


D-C/A-C POWER SUPPLY 


RC-Nobatron Rangers consist of a com- 
pact variable autotransformer, rectifier 
and filter circuit. Although unregulated, 


al 


they have unusually low internal im- 
pedance. 

Models available to supply d-c volt- 
ages from zero to 36 and zero to 150 
volts, each having available zero to 130 
volts a-c. Either 36- or 150-volt models 
available in max d-c ratings of approx 
500 or 1000 w. Sorensen & Co.. Inc., 
Richards Ave., S. Norwalk, Conn. ->587 


DIGITAL TORQUE INDICATOR 


Output from digital torque indicator 
Model DTI-2, combined with that of 
a d-c tachometer generator, is fed to a 
strip chart recorder for a continuous 
direct hp reading. ” 

Uses a precision servo null-balance 
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"MINI-GATOR” ASTOUNDS 
ELECTRONICS EXPERTS! 


Small, simple, neat, and complete, the Mueller 
“Mini-gator” is the only clip of its kind...it's 
the one truly miniaturized alligator clip... 
already one of our best sellers. 


More than indispensable, more than irreplace- 
able...it’s unique! Steel, cadmium plated, or 
solid copper. Separate skin-tight insulators. 
WRITE FACTORY FOR FREE PACKET OF = acrua: 
MINI-GATOR CLIPS AND INSULATOR © size i 
AT JOBBERS EVERYWHERE nm 


1550W EAST 31st STREET, CLEVELAND 14, OHIO 
Circle 317 on page 17 








MICA 
IS NATURALLY BEST"... 


High Heat resistance and Dielectric Strength 
Chemically inert — non Hygroscopic 
Tough, Resilient Low Space Factor 
Readily available according to ASTM 
Specifications 

For FREE copy of ASTM Specs. (D-351) 
or other information write to: Dept. M 1 


MICA Importers Association, Inc. 
420 Lexington Ave., N. Y. 17, N. Y. 
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Reader Inquiry Service 
Postcard return cards are provided on page 17 as a con 
venience to the reader in obtaining 


New Components and Materials 
Additional data from the supplier of any item reviewed 


Literature for the Design Engineer 
A copy of any manufacturer’s publication reviewed 


Feature Article Reprints 
Single copies of selected feature articles. 


Advertised Products 
More information on any product or service described 
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talk about 
moisture resistant... 


then you're talking about 


CONTINENTAL 


insulated wire and cable 


APPLIANCE HINGE WIRE — AG 


For connecting upper and lower heating sur- 
faces of waffle irons and sandwich grills. 
With glass braid and asbestos insulation for 
greater dielectric, moisture and abrasion 
resistance. 


RADIO HOOK-UP 
WIRE — MIL-W-76A Extruded insu- 


lation available plain, or with nylon jacket, 
glass or synthetic braid, or shielded. Excellent 
dielectric, as well as moisture and heat 
resistance. 


MOTOR LEAD CABLE — AVA 
and AIA Ideal for applications where 
moisture, oil, grease or corrosive vapors are 
present. Available in sizes from 18 AWG to 
500,000 CM. 


FACT FILLED CATALOG 


NEW, COMPLETE CATALOG OF 
CONTINENTAL WIRE AND CABLE 
AVAILABLE ON REQUEST 


ontinental 


WIRE CORPORATION 
WALLINGFORD, CONN. YORK, PENNA. 
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Spey Fi 


for QUALITY CONTROLS, 
RUGGED PERFORMANCE 
REDUCED MAINTENANCE 


MAGNETIC STARTERS 


Furnas Magnetic Starters, ruggedly designed 
to provide complete satisfaction, are available 
through Size 4, in a choice of 9 starters in- 
stead of the usual 5. They match the applica- 
tions from 1 to 100 hp. All are UL listed, and 
all have dual voltage coils at no extra cost. 


DRUM CONTROLLERS 


Drum Controllers are available in over 
1000 models. Their durability, ease of op- 
eration, versatility, and low cost make them 
adaptable to applications satisfied by man- 
ual control. Furnas Electric exclusively 
offers the Drum Control with built-in 
thermal overload. 


PUSH BUTTONS 


Push Buttons for every need—Standard, Heavy- 
duty, and Oil Tight. Attractive appearance and 
mounting flexibility assure acceptance. Furnas 
standardization and interchangeability mean more 
variations with fewer parts. Complete accessory 
line. 


' : 
FOOT MASTER LIMIT PRESSURE 


SWITCHES SWITCHES SWITCHES SWITCHES 


Write today for free Catalog 5800, giving complete Motor Control 
information. 1024 McKee Street, Batavia, Illinois. 
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system of measurement. Receiving an 
input from a strain gage torque meter, 
instrument gives continuous front-panel 
digital presentation of torque values, in 
either in.-lb or ft-lb. 

Overall circuit design and production 
control hold basic indicator accuracy to 
+0.15 per cent. Operates on 115 volts. 
60 cycles a-c. Performance Measure- 
ments Co.. 15301 W. MeNichols. De- 
troit 35. Mich. >588 


MINIATURE TEST CHAMBER 


Model D-106 miniature high-low cham- 
ber has dry ice coolant capacity ade- 
quate to maintain 65 F for more 
than 12 hr. Is 28 in. long x 16 in. high 


x 15 in. deep and has a 10 x 10 x 10 in. 
test compartment. Weight is 90 lb. 
Available with either top or side 
loading. Feature is the plug-in type 
test compartment doors supplied with 
windows. ports. electrical connectors. 
or shelves. or any combinations of these 
features. Mantee Inc... El Segundo, 


Calif. >589 


TORQUEMETER 


Torque ranges covered are from 5 to 
250 oz-in. full scale. These torque- 
meters measure dynamic torques on 
shafts turning between 50 and 12.000 


rpm. with an accuracy within 2 per cent 
of full seale. 

For remote readings, indicator may 
be located conveniently and connected 
electrically to torque pickup. This 
pickup imposes negligible bearing 
loads. 

Housings for pickups are 3°, to 5 in. 
long. depending upon range required. 
Shafts are 14 in. diam and ‘16 in. long. 
Metron Instrument Co.. 432. Lincoln 
St.. Denver 3. Colo. >590 
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NEW AGASTAT* 


HAS LONGER OPERATING LIFE 


The Agastat time/delay/relay has been completely re-designed, 
inside and out, to make every moving part last longer and oper- 
ate more reliably. Here are some other important advantages: 
@ Dial adjustment for ease and accuracy 
@ Five timing ranges, covering an overall range of 
from 0.08 seconds to 15 minutes 
Timed intervals remain the same through re- 
peated readjustments 
Integral wiring diagram and calibration plate 
Measures only 4-9/16 x 2-9/16 x 2-5/8” 
All contacts are flexible contacts 
Contacts are larger for fast heat dissipation 


Write for details and application engineer- 
ing assistance to Dept. A$2-121. 


Elastic Stop Nut Corporation 
of America 





DIVISION 1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in Pneumatic Timing 
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. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
63 Pavilion Avenue Providence 5, Rhode Island 
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FOLDING DOUBLE CUPPED WASHER LUGS 


=" Solderless ummm) 


Easy to Apply (o—_— 
No Special Tool Needed = 


2 One-Piece Construction © oO © 
memeQ)Q n.” cel ovtean 6-9P 


aera KRUEGER & HUDEPOHL, INC. 
A aera lo ot 
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ELIMINATE PRODUCTION DOWN-TIME 


When You Need 
CONTACTS IN A HURRY 


Here’s how Deringer Delivery saves you 
time and increases your profits. 

Whether the contact you need is stand- 
ard or special, Deringer delivers in ac- 
cordance with your needs and in less time 
than others take to process an order. 

Our prices are competitive. You pay no 
premium for our precision quality and 
faster delivery. 


Write for these FREE 
ONTACT CATALOGS 


If delivery has ever been a problem, 


try Deringer. You'll be glad you did 


DERINGER 


Metallurgical Corporation 


8119 Monticello Ave © Skokie, Illinois 
PHONES: CHICAGO KEystone 9-8502 SKOKIE ORchard 5-1030 
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Electrical Manufacturing 


PRODUCT INDEX .. . 


of components, parts and materials described 
in this issue in editorial and advertising pages 


Key: a, advertisement page number; e, editorial page number 


COMPONENTS, 
ELECTRICAL/ 
ELECTRONIC 


Batteries and holders—259e 
Brakes, magnetic—1860 


Capacitors — 2070, 210-2110, 224e, 240¢e, 
250a, 2650 


Clutches, magnetic—296e 
Contact devices 
Brushes and brush holders—177a 
Commutators—284a, 3130 
Contacts and contact points—235a, 309a 
Slip rings—220e, 2870 
Control Panels—218a, 222e 
Control Systems—74a, 160e, 197e, 2170, 226e 
Converters, static—290e 
Crystal ovens—246e 
Electron tubes—216e 
Photoelectric—285a 
Power—224a, 2590 
Enclosures, control—226a 
Fittings, conduit—192a, 250e 
Heating elements—1l4a 
Knobs, Caps, Handles—222a 
Lamps, miniature—204a 


Lights, pilot (assemblies) —164e, 1670, 204a, 
260e, 2740, 278a 


Magnetic components 


Bobbins and core boxes—205a, 299a 


Coils and windings—78e, 25le, 271a, 


290a, 309a 
Cores—194e, 224e, 24a 
Permanent Magnets—64a, 179a 


Magnetic amplifiers—100e, 1840, 197e, 224e, 
228e 


Meters, panel—212e, 2880, 294e 
Microwave devices—220e 
Modular assemblies—184a, 214e, 246e, 274e 


Mounting hardware—214e, 216e 


310 


Potentiometers—260e, 293e, 294e, 296e, 299 
Protective devices 

Circuit breakers—226e, 290e 

Fuses and fuse holders—43a, 
Reactors—180a, 2030 
Regulators, voltage—152e, 156e, 
Relays 

Industrial—238a 


General Purpose—197e, 242a 
284e, 29la 


Plug-in—36a, 46a 
Sealed—l6la, 270e 
Telephone—223a 


Time delay—5la, 52a, 163a, 2280, 262e, 


272e, 282e, 309a, 3140 
Resistors—59a, 1940, 252e, 2680, 2770 
Rheostats—194a 


Seals and terminals, hermetic—31la, 2690 


Semiconductor devices—l07e 
Hall generators—240e 
Photocells—222e 


Rectifiers and diodes—8a, 188, 
194e, 231a, 2390, 240e, 242e, 251a, 
272e, 281a, 2890 


Solar cells—212e 
Thermistors—27 4a 


Transistors — 24-25a, 54a, 149e, 
2130, 248e, 2730, 274e 


Servo components—68a, 212e, 217a, 
259%e, 260a, 288e, back cover (a) 


Solenoids—21a, 32a, 178a, 260e 
Storage devices 

Tape, cards—100e, 190e 
Switches 


Controllers and contactors — 13a, 


244e, 282e, 3080 


Crossbar—194e 


Limit—63a, 181a, 218e, 240e, 248e, 254e, 
271a 


Manual, Jack, Key—182-183a, 195-1960, 
280e, 286e 


Mercury—218e 
Pressure and vacuum—278e, 294e 
Program—218a 
Proximity—266a 
Push button—167a, 292a 
Rotary—230a, 2440, 268e, 282e 
Selector—264e 
Timer—2200, 2880 
Timers—40a 
Transducers 
Accelerometers—242e 
Pickups, electrical—212e 
Pressure—220e, 266e 
Thermostats—238e 
Transformers 


Electronic—26a, 180a, 212e, 216e, 224e, 
238e, 2870, 291a 


Variable voltage—262e, 2720 
Valves, servo—212e 
Valves, solenoid—260e 
Voltage references—226e 
Wire and cable—307a 
Hookup—216e 


Magnet—lInside front cover (a), 34-350, 
194e, 244e, 2630 


Power—256e 
Resistance—58a, 228e 
Wiring devices 
Cable clamps and grips—264e, 3020 
Clips—307a 


Connectors—48a, 191a, 208a, 216¢, 
262a, 264e, 279a 


Cord sets—190e, 198a 

Lacing—252a, 254e 

Terminals—174-175a, 1890, 212e, 
246e, 252e, 279a, 309a 


Terminal blocks—222e, 228a, 25le 
270e 


Terminal tags—287a 
Wiring troughs—226a 
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COMPONENTS, 
MECHANICAL/ 
STRUCTURAL 


Bearings, sleeve—173a, 293a 


Bearings, ball and roller—la, 30a, 168e, 


2214, 236a 
Counters—206a 
Fan and blower wheels—75a 
Fasteners—197e 
Bolts and nuts—165a, 252e, 270a 
Eyelets—1850 
Quick operating—53a 
Rivets—266a 
Screws—29a, 2180, 257a 
Self-locking nuts—220e 
Gears and pinions—290e 


Rings, retainer—187a, 290a 


COMPUTERS AND 
COMPUTING 
COMPONENTS 


138e, 158e, 218e, 242e, 244e, 252e, 280e 


DRAFTING 
MATERIALS AND 
EQUIPMENT 


‘Drafting tools—33a 
Pencils—246e 
Templates—212e 


DRIVES, 
ELECTRICAL 


142e, 212e, 222e, 2320, 246e 


DRIVES, 
MECHANICAL 


Variable speed—278e 


INSTRUMENTS AND 
TEST EQUIPMENT 


Cameras, high speed—201a 
Dynamometers—228e 
Environmental chambers—308e 


Generators, electronic—300e 


Meters—l6a, 214e, 220e, 226e, 238e, 300e, 


306e, 308e 
Optics—218e 
Oscillators—300e 
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Oscilloscopes—57a 


Power Supplies—160a, 1760, 190e, 264a, 
276e, 284e, 302e, 306e 


Recorders—42a, 212e, 249a 
Shielded rooms—4la 
Shock and vibration tables—212e, 300e 


Special test equipment—214e, 222e, 224e, 
250e, 267a, 282e, 291a, 300e, 304e, 306e 


Tachometers—212e 


MATERIALS, ELEC- 
TRICAL/ ELECTRONIC 


Conductor materials (except wire)—297 


2980 


Insulation and dielectrics—9le, 218e, 2550 


Casting resins—169a, 2020, 202e, 222e, 


248a, 254e, 270e 


Ceramics and glass—\66e, 180a, 216e, 


216a, 2990 

Elastomers—5a 
Ferroelectrics—194e 
Flexible films—49a, 216e 
Laminates—5a, 22a, 620, 2140, 2400 
Mica—238e, 268e, 307a 
Molded Forms—157e 
Paper—222a, 304a 
Plastics—47a, 271a, 276e 
Resins—56a 
Silicones—275a 
Sleeving—197a, 2560 
Tape—39a, 214e, 216e, 220e, 240e 
Tubing, rigid—202a, 291a 
Varnishes—4a 
Wire enamels—5a 

Magnetic materials 
Electrical steel—15a, 192e 
Ferrites—192e 
Nickel-iron—215a, 190e 
Permanent magnet materials—179a 


Shielding—212e, 220e 


MATERIALS, 
MECHANICAL/ 
STRUCTURAL 


Adhesives, Cements, Sealants—222e, 242e, 


240e 
Composite materials—220e 
Metals 
Alloys, general—214e, 247a 
Aluminum—197e 


Copper, brass, bronze—23a, 281a 


Nickel—301a 
Stainless steel—190e, 209a, 216e, 2370 
Titanium—190e 
Zinc—27a 
Metal forms 


Castings (die, investment) — 27a, 209a, 
2320 


Extrusions—193a 
Forgings—193a 
Metal powders and parts—252e, 282a 
Strip—224a, 2250 
Thermostatic bimetal—71a, 306a 
Wire—278a 
Non-metallic materials 
Elastomers—56a, 70a, 186a, 222e 


Plastics compounds and resins—47a, 69a, 
199a, 226e, 256e, 274e 


Plastics fabricators—240a 

Plastics molders—222e, 2340, 2480, 2860 
Protective coatings 

Chemical—233a 
Thermal Insulation—214a, 238e 


MOTORS AND 
GENERATORS 


Alternators—50a, 218e 


Integral-hp motors—37-38a, 66-670, 72- 
73a, 194e, 2450 


Fractional-hp motors—2a, 44a, 2160, 2194, 
2270, 2430, 2790 


Gearmotors—55a, 274e, Inside back cover 
(a) 


Generators, d-c—37-38a 
M-G sets—242e, 282e, 3030 


Special—60-61a, 218e, 220e, 224e, 244e, 
25le, 254a 


PRODUCTION 
EQUIPMENT, TOOLS 


Coil winding—65a, 1940, 216e 
Color coding—300e 

Layout fluid—303a 

Plastics laminator—303a 
Pliers—45a 

Wafering and slicing—312a 
Wire strippers—220a 

Wiring tools—218e 


SERVICES 


Contract manufacturing—193a 
Steel metal fabrication—226a 


Systems design—220e 








MICRO-MATIC PRECISION WAFERING 
MACHINE. FULLY AUTOMATIC MODEL 
WMA. PRODUCES WAFERS CONSIST- 
ENT IN THICKNESS AND PARALLELISM 
TO WITHIN .0005” TOTAL VARIATION. 





USED BY THE 
WHO’S WHO oF 


THE SEMI-CONDUCTOR INDUSTRY 


Audio Devices, Inc. 
Bell Telephone Laboratories, Inc 
C.B.S. —Hytron 


Clevite Transistor Products, Inc 


PARTIAL Federal Telecommunications 
LIST Laboratories 


General Electric Co 
OF International Business Machines 
USERS veg 
Radio Receptor Co., Inc 
Sperry-Rand Semi-Conductor 
Facilities 


Texas Instruments, Inc. — 
Semi-Conductor Components Div 





Tung-Sol Electric, Inc. 


MICRO-MATIC 


PRECISION WAFERING MACHINES 





a 


FOR VERY THIN SLICING AND 
DICING OF SEMI-CONDUCTOR 
AND OTHER HARD, DIFFICULT- 
TO-CUT MATERIALS. 


Write for illustrated brochure. 














MICROMECH MFG. CORP. 
1020 COMMERCE AVE., UNION, N. J 


312 Circle 325 on page 17 
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You get fast action on 
your order because we 
know we can save you 

money by delivering quality 
commutators and collector rings 

in o hurry! Our extensive 

tooling facilities enable us to 

turn out special orders, samples or 
repair jobs promptly. Only the 
finest materials go into our 
products quality controlled and 
inspected to insure uniform 
perfection in each commutator and 
collector ring no matter 


how many you order 


For quality commutators 
and collector rings 

for quick delivery 

call Toledo 


Commutator Co 
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Write today for 
Catalog #65. 
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Speed reducer problems involve more than just gear ratios. 
Horsepower, torque, overhung loads and duty cycle are con- 
siderations that require performance matching of motor and 
reducer. When you specify Master Gearmotors you eliminate 
dual responsibility for overall performance. 


Master Gearmotors are packaged components, engineered 
to meet your requirements from line voltage to keyway 
dimensions. Motor and reducer are built as a single, rigidly 
aligned unit. These compact drives offer maximum efficiency 
and durability at minimum cost. 


You can reduce engineering and assembly expenses by 
giving Master the responsibility for the entire power pack- 
age. With Master Gearmotors you buy your horsepower 
where you need it, at the output shaft. 


Vertical and horizontal, right angle and parallel shaft, 
worm, helical and herringbone gearing —'% thru 125 hp. 


Product of Master Electric Division of Reliance Electric and 
Engineering Company, manufacturers of a-c. motors, Reeves 
Drives, VxS Drives, Super *T’, D-c. Motors, generators, con- 


trols, and engineered drive systems 





MASTEI 











RELIANCE tncinecaine co. 
DEPT. 271-A, CLEVELAND 17, OHIO 


CANADIAN DIVISION: TORONTO, ONTARIO 
Sales Offices and Distributors in Principal Cities 
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When your project calls for 


SMALLEST PACKAGING 
LIGHTEST WEIGHT 
TIGHTEST COUPLING 


—  diceaneceme SHIFT 
\N 
LOWEST NULLS 


“ A 
HIGHEST ACCURACY 


m \ 


“SYNCHROS 








D.C. 
PRIMARY RESISTANCE IMPEDENCE 
rte ennai aiadiee ee 


Max 
Input Input Input Output Phase Null ACCURACY 


SYNCHRO CPPC Voltage Current Power Voltage Sensitivity Shift Rotor Stator Zro 7Zso 7rss Voltage Max. Error (Min.) 
FUNCTION TYPE (400~) (Amps.) (Watts) (Volts) (MV /deg.)(deg. lead) (Ohms) (Ohms) (Ohms) (Ohms) (Ohms) (MY) 











Torque Transmitter CGC-8-A-7 26 100 11.8 206 8.5 37 2 $44+j260 12+4/)j45 80 + j20 7 
Control Transformer CTC-8-A-1 ll y 2 23.5 411 9 210+ j690 284 j114 250+ )73 








Control Transformer CTC-8-A-4 1] ? 22.5 393 8.5 4704j1770 814 j330 590+ 5190 
Torque Receiver CRC-8-A-1 2 11.8 206 2 54 + j260 12+ j45 80 + j20 








Electrical Resolver CSC-8-A-1 2 10.8 189 2 2 270 + {630 39+ j142 340 + j67 
Electrical Resolver CSC-8-A-4 2 26 454 2 2 270+ j630 250+ j830 340 + j67 
Control Differential CDC-8-A-1 ll ? 2 2 2 38 + j122 284j114 474 j13 
Vector Resolver CVC-8-A-1 2 2 544j260 19+j60  80+4)j20 


by 
CLIFTON PRECISION PRODUCTS CO., INC. Clifton Heights, Pa. 
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